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The process developed last quarter was implemented by a

single, pertable machine. Water and the binder, lignin
sulfonate. are stored in the machine. Lunar fines are brought
inte the machine by a screw type conveyor. The fines are then

dumped into a sealed mixing chamber with the water and lignin in
the proper stoichiometric amounts. In the mixing chamber, the
sludge is thoroughly mixed with a device similar in design to a
manual eggbeater. The sludge then flows intc the mold, and the
mold chamber is sealed. A pump pulls a hard vacuum on  the
chamber, thereby drying cut the brick and activating the lignin
bond. The water from the brick is reclaimed by increasing the
pressure on the ambient atmosphere in the chamber. which has been
chosen to be Nitrogen. The collected water flows back into a

holding tank for the mixing chamber, the brick is removed from

i

the mold chamber, all chambers are resealed, and the process 1

repeated.
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PROELEM STATEMENT

Background

One of the most formidable projects ahead of the American
space program in the late 20th and early 21st centuries will be
the establishment of a permanent base on  the moon. As the
freight cost for shipping building materials te the mocon is
prohibitive, the best sclution in manufacturing permanent
structures on the lunar surface must invelve the use of the

moon’'s own resources.

A process has been developed that reguires only & small
amount of binder and water from the Earth, added to raw lunar
sci1ls to manufacture bricks. Thevre still exists a needs however.
for & device to implement this proacess. If such a machine were
built and put inte coperation. a permanent moconbase would be well

cn its way to becoming a reality.

Constraints

The machine that is designed must meet several stringent

criteria. First, the device must be able to coperate in a lunar
environments which involves radical shifts in temperatuwe. as
well as a harsh vacuum. Seconds a lunar structuwre must be built
within one lunar day if the first moon base astronauts are to

suwrvive the lunar night. This means that the bricks must be made
and assembled into a structure'within 13 Earth days. To allow

ample time for constructicn, the 960 bricks required to construct
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cne building shouwld be produced in less than S days. This gives
a rate of approximately one brick every 7.5 minutes, assuming
brick dimensions of 1 foot by 1 foot by 1.5 feet. Next, the
system should reclaim nearly 100% of the water used in  the
process to eliminate the necessity of importing more from the
Earth. Further. the machine should be automated, reguiring only
the occcasional supervision of a single his would
enable the astonauts to conduct octher experiments or concentrate
tn the actual construction of the structure. Finally, the
machine should be portable. If the bricks can only be made at
cne locations then a special carrier would need to be developed
for structures that are separated by a great distance. It is

cheaper just to make the brick machine mohile so that bricks can

be produced as long as lignin and water are available.



FROCESS DUTLINE

The brick making system should consist of the following

subsystems:

1. Screw Convevyor
2. Mixing Chamber
3. Molding Chamber
4. Water Reclamation System

S. EBrick Removal System

Screw Coanveyor

The lunar fines necessary for the process will be supplied
ta the system by a screw convevor. This conveyor will supply
fines at a constant rate to & catch placed above the mixing
chamber. This catch will be timed to ocpen after a certain
predetermined time period to dispense the precise volume of firnes
needed by the process. A flap will cut off the flow of fines
while the fines are being powed into the mold chamber. This
will ensure that the chamber does not receive too many fines for

any brick.

Mixing Chamber

The fines will be digpensed into the mixing chamber along
with the proper amounts of lignin sulfonate and water. The
chamber is sealed off from the lunar envivenment and contains a
low pressure Nitrogen atmosphere. The pressure of the nitrogen

serves to keep the water in the liquid state duwring misxing. The




sludge created by the mixture of fines., lignin. and water is then
mixed by several spiked shafts that rotate as they precess arcund
the chamber. After the sludge is thoroughly mixed, the bottom of

the chamber opens tc dispense the contents into the mold.

Molding Chamber

The mcelding chamber consists of a pressure vessel
surrounding the mold. When the mixing chamber opens, the sludge
pours into the mold. The chamber then seals once more., leaving

the mecld chamber with a low pressure Nitrogen atmosphere and a

brick containing liquid water. A valve i1s then copened, and a
vacuum pump evacuates the atmosphere in the chamber. The water
boils under the low pressure and diffuses cut of the brick as

vapors which then flows cut of the chamber due to pump action.

The mold then releases the brick and reseals.

Water Reclamation System

After the vapor has passed thirough the pump. it must be
condensed for reuse in the mixing process. This is accomplished
by pumping the Nitrogen and waterr vapor intoe a tank that is a
fraction of the size of the mold chamber. This reduction in
volume results in a high pressuwre atmospheres which forces the
water to condense. This water i1s collected and sent back into
the mixxing chamber for use as an activator for the lignin once

moye.

Brick Removal System

o
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When the brick is released by the mold, it drops toe the
bottom of the meold chamber. As the pressure in the chamber is a
hard vacuums the bottom of the chamber may swing open at no cost
to the system. The brick slides down onta either the ground or
an external conveyor, depending on the available arvrangements,
and the bottom swings back into place and recseals. The entire

process can then be repeated.

The above processes are not necessarily sequential. The
water reclamaticn should cccur while the last brick 1i1s being
removed and the next brick is being mixed. This sort of
scheduling can streamline the process and enable faster

proeduction of bricks.
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EYETEM MATERIALS

Atmosphere

To keep the water in its liquid state, even at the process

temperatwre of 77 F, an atmosphere at a finite pressure is

required. Nitrogen has been chosen due to its availability and
its similarity toc normal air. This second propeirty enables the

use of standard air and water tables. which proves invaluable to

an initial design iteration.

Substance measurements

The following irngredients are mixed together to form  the
proposed 1 ft by 1 ft by 1.3 ft brick: 1.2 ft of lunar fines.
0.012 ft of lignosulfonate binders ©.108 ft of water. For  a
complete structure of 9260 brickss this amocunts to 1152 ft of
lunar vocks 11.52 ft of binder, and 0.108 Tt of water. The
entire amcunt of lignoesulfonate and water must be shipped from
the earth. Ideally, 100 percent of the water will be reclaimed
from the brick after it enters the mold sc that the reclaimed

water may be reused. A shipment of 0.5 ft is proprosed to cover

for any loss.

The lunar soil has an approximate specific gravity of 125
lbs/ft and will require & total of 1152 ft . The lunar fines
will be stored in a container and a screw conveyor running  into
the mixing chamber will transport the 1.2 ft of lunar fines into

the mixing chamber. The lunar surface, rvated as well graded

~]
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silty sand teo sandy silts and having a cohesiverness of 0.01%5 psi
to 0.15% psi in natures should produce no problem in transporting

oY mixing.

As a binder, lignin sulfonate has a density of 78.18
lbs/ft . A total amount of 0,012 ft of binder per brick and

11.52 f¢t of binder per structure is  requi . Each brick
reguires 0.108 ft cf water to properly suspend the

ligriosulfonate in the brick mixture.

Lignosulfonate

In its natural states lignin is the principal carvier of the
methoexyl content of wood. Approximately 25 percent of the wood
which goes to the pulp mills is obtairned as lignin in one form or
ancther. The sulfite pulp industry has attempted to utilize a
minor part of this as road bindevy, adhesivess and core binder.
The method by which the lignin is originally extracted from the
wood will affect the structure and the physical properties of the

substance.

One of the most important lignin reactions if the
sulfonatiaﬁ af lignin  in which sulfonate ions attach to  the
lignin forming lighnosulfonate. The substance formed by this
method is a light powder. The powder has a bulk density of 11.23
lbe/ft + a tap density of 18.72 lbs/ft » an extremely low vapor
pressures and a high green strength. The powder 1s highly

soluble in water. When mixed with the lunar fines and waters the
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lignosulfonate is suspended throughout the sludge. When a vacuum
i1s pulled on the mixture to extiract the water, the lignosulfonate
remains with the soild producing a strong brick composed of 99

volume percent lunar scil and 1 volume percent binder.

The lignosulfonate maintains the desirable properties at a
large range of temperatures and thus the process is restricted by
the temperature of the water more than the temperatuwe of the
lignin. At a temperature of 77 Fs the process will take place
with no difficulty. The volume of water added to the mixture
is ©.108 ft . Too little water will not ensure sufficient
spreading of the binder throughout the lunar soil while an

overabundance of water may leave the final structure too porocus.
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Material Acquisiticon and Handling

The fundamental objective of material acquisition and
handling is to provide the raw materials necessary to implement
the brick making process. The raw material must not only be
previded at a suitable rates but alsc 1t must have specific
properties which will determine the success of the process.
These properties are density and temperature.

The density of the raw material will determine the
permeability,s poirositys viscosity, drying rates and strength
properties thvoughout the process. It was originally thought
that an elaborate sifting and crushing process was necessary to
provide a suitable densityi: howevers close examination of the
lurnar surface reveals properties which can greatly simplify this
Rrocess.

Firsts, the outer layer or regolith of the moon is a “pre-—
sifted"” laver. Material in this laver has a diameter range from
120 micrometers to 3 millimeters. The result of this
distribution 1is an aggrigate free density of 1.17 c.g/(:m:3 and a
shaken down density of 1.20 g/cma. This density is suitable foar
the brick making process.

In addition to providing a consistant densitys the vegolith
has ancther convienient property. The temperatuwre of this layer
between 0.19 m amd 1 m varies only 2 degrees Kelvin. EBeyond 1
meter, the temperature i1s a constant 252 degrees Kelvin.

By using the material in the regolith, crushing is
eliminated and sifting is reduced to a single stage process. In

addition, the heating and cocling requirments are reduced.

10
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Material Acquisition

Several conventional methods for acquisition of
were suggested. All but one were rejected primarily
did not allow for the containment of the material

gravity environment. The remaining method was the

-

he primary
the screw.
The drive system consists of:
1. Motor
2. Clutch

3. Transmissicon

The selection of the motor depends on &

reguirements. It must provide the torgque necessar

the regolith
because they
in the low

sCirrew pump.
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¥ i it must

efficiently use the available powers finally, it must weigh as

little as possible.

The torgque requirments were estimated by those

requirments

necessary to dig scil on the earth. For a 5" diameter auger bit,

drilling to a depth of four feet, the peak torque required is 140

ft¥lbs. To achieve this torque directly, the motor must be
large. By incorporating & small transmission system, we can use
a much esmaller motor to get the reguired touque. A simple

tramesmiesion which reduces the input torque greatly is the use of

a straight bevel gear arrangment in which the gear ratic is 3:1.

Such an arvangment reduces the input torque to approdimatsly 50

ftelbs.
chosen.
In additiocn to providing the necessary torque,

must use the available power and use 1t efficiently.

i1

With this reduced torques a much smallevy motor may be

the motor

The power
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is assumed to be provided by direct current. A search of
available D.C. motors revealed the best type of motor for  the
lunar screm pump application to be the torque aotor. Torque
motors provied high torgue with low weight and low RFM. Of the
available D.C. torque moctore, the best that had a 50 ft*lb
cperating torque needed only .S HF and weighed enly 13.8 1lbs.

The drive system of the pump is noct yet complete. Hecause
the load on the motor is cyclical and subject to shocks a clutch
is necessary to avoid damaging the motor and additicnally allows
the slow start up RFM requivred in digging. Clutches divide into
the following categories — mechanical contacts electromagnetic
flux, and fluid.

Mechanical contact clutches such as the disk and pad
assembly were rejected because of the heat they build up and they
need parts perodically replaced. Fluid clutches were rejected
because they are bulky and have problems with sonic leakage in a
vacuum environment.

The remaining category. electromagnetic flux. divides into
three parts — eddy curvrents hysteresis, and magnetic particle.
The magnetic particle clutches were rejected because their
coentinucus slip mode creates a great amount of heat. Of the two
remainings the eddy current clutch was chosen because of its
lower power consumpticn. Of the available eddy current clutches.
the best 50 Ti#1lb model consumed 15 HF at peek torgue and weighed

2 lbs.

_[_\

The screw perform two jobs. Firsty i1t digs into the ground

at the leading edge. Mext, it transports the material along the

12




flightings. Because of the dual purpcse of the screw, the
leading edge must be helicicdal and have sharp flightinge. as
the material travels up the screws a shaft must be introduced to
prevent bending and cups at the outer edge of the flightings are
incorporated to reduce friction at the wall.

The length of the screw with flightings is four feet. This

allowg the screw to penetrate well intoc the regolith layer while

maintaining a reasonable overall height of the screw pump

mechanism. The screw shaft extend through the housing and is
suppoarted by two bearings. The bearing loads were calculated as
were the lcads on the drive shaft bearings. Because the lcad is

& combined thrust and radial load on all the bearingss tapered
roller bearings were selected for use. Because the bevel gear
arrangment exerts the same thrust regardless of directien of
raetation the drive shaft bearings must be indirectly mounted,
and the screw shaft bearings should bé directly mounted.

Once the soil has reached the top of the screw, it is
compressed into a flexible tube and trarmsported to the sicl bin.
By using & flexible tube, the screw pump may be moved to various
locations around the bin before the bin needs to be moved. Dry
material hoses which combine wear resistant rubber with high
stirength steel seem to be appropriate for this application.

The housing should be constructed of AOC3330-Td  aluminum

e
™o
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casting. This will give the housing suitable strength

=

fu

lightweight. Alsos by casting the housings the machining
necessary to  form the motors clutch, and transmission mounts
could be reduced significantly.

The screw pump mechaniem is able to supply the necessary 9.7

13
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ft /hr by digging ove hole every 4.9 minutes. This should allow

plenty of time for sight selection and movement of the pump and

allow stockpiling in the scil bin.

Material Handling

Once the soil has been pumped through the flexible tube, it
is introduced into a cylindrical tube within the scil bin which
rotates at approximately 1000 RPM. This has two effects. First.
it shesars the clumps of scil intc fine particles and allows them
to pass through the screen. Secondly. the dynamic activity helps
to heat the scil. The particles which are an eighth of an inch
or larger are carvied ocut the copposite end of the screen tube by
a slowly rotating (20 RPM) screw and exit through & drop shute.
Any particles which tend to get caught in the scoreening are
forced back cut in the cylinder by means of a nylon brush which
tionmed

1 1
i 3

U]

extends the length of the screen. A deflectoer iz po
along the axis of the screen to force particles in the preferred
outward direction. The screen assembly i1s powered by a 300 ft#lb
D.C. torque motor commected dirvectly to the screen sleeve and &
transmission supplies power to the screw.

Once the material is inside the bin, the temperature may be
raised by éxposing it to sunlight. Once the desired temperatuwre
is yeached, the scil may be kept within the desired temperature
range by periocdically exposing it. This may be done by coveiring
the bin with a voltage sensative window which transmite in  the
infrared when no voltage is applied and is opague when voltage is

applied. t is important to keep the scil at a depth no more than

14
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1% cm when initially heating. The low thermal conductivity of
the scil (1.9 kcal/m¥hr¥deqg) does not allow for greater depths to
warm.

Finallys, the scil if transmitted to the vertical screw by
means of & horizontal screw at the base of the scil bin. This

screw 1s driven by the same type of motor as the screen assembly.
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TRANSEORT
Screw conveyors are one of the oldest and simplest methods
for moving bulk materials and consist primarily of a conveyoer
screw rotating in a stationary trough. Material placed in the
trough is moved along its length by rotation of the screw which
is supported by hanger bearings. Inletssy ocutletssy gates and

cther accessories controal the material and its disposition.

Screw conveyors are compacts easily adapted to congested
lecations and can be mounted horizontals wvertical, and in
inclined configurations. They can alsc be used to contvral the
flow of material in processing coperations which depend upon

accurate batching or as a mixer to blend dry ingredients.

rew ee e modifi SCVv IVEeYOrs Use 3 control
Sc feeders ar cdified screw conveyors used to control

bins or tanks. They are suitable for handling a wide variety of
materiale ranging from fines to a combination of fines and lumps.
Under many conditions feeders are alsc used as a wvalve. These
feeders are totally enclosed and compacts simple in design  and

dust tight.

Convevor screw with drive shaft

The conveyor screw is  the rotating portion of & screw
cenveyor which imparts smocth and positive motion to  the bulk

material being transported. It consists of spiral flighting

16
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mounted on & pipe and is made either of right or left hand screw
to suit the screw rotation and the desired direction of material

travel.

The conveyor drive shaft comnects the conveyor screw to  the

driving unit and transmits rotary motion to the screw. Coupling
bolte secure  the drive shaft in the conveyor screw. Stepped
pitch conveyor screws are used as feeder screws for handling

friable lumpy material from bins or hoppers and alsoc to draw the

material uwniformly from the entire length of the feed opening.

The drive shaft alsco delivers the driving power, and should
therefore be carefully designed of high gquality steel of the
proeper characteristics to provide adequate torgues, bending and
shear strengthi and with closely controlled tolerances for
correct bearing clearances. The conveyor end shaft supports the
last section of the screw and should be furnished with cleose

tolerances for proper coperation in end bearing.

Specifications

Te facilitate the selection of proper specifications for a
screw conveyor for a particular duty, screw conveyors are brobken
down  inteo  three component groups. Because the material to be
conveyed is not listed in Table 4, then its classification code
may be determined from Table 3. Table 8 is a guide to the proper
selecticn of the appropriate component group. It will be

cbhserved that in addition to the flow characteristice of a




. material.

abrasiveness and

construction details.

material

‘V The

consideration must be given to

charactericstics in Table 4

corrasiveness as

material

these

size. ites

determine

(See Appendix  A)

lists a wide range of bulk materials that can be handled in screw

conveyors. The table shows in the first column the range of
density that can be experienced in handling that material. The
¢ "as conveyed" density is not specifically shown but it is assumed
to be at crr near the minimum.
o
The next column shows the material code wnumber. This
consistes of the average densitys, the usual size designation. the
: flowability number, the abrasive number followed by the
.' material charactristics which are termed convevability harards.
’ Lurnar fines were not licted in Table 43 howavers Tables 3 and 4
° were used to determine the material code and material factors Fma
which is used in the horse power formula.
.. mat’l characteristics code designation
bulk density. loose 125 lt:m‘:;"*f"i:J3 125
. size fines 0.132" and wnder Bé&
® flowability assume sluggish 4
abrasiveness extremely abrasive 7
o Therefore., the propey material code and resulting
‘ approximation for Fm are the following:
@ 18
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material code Fm

125R 47 2.8
6

Lump size limitations

The size of a screw conveyor not only depends upon  the
capacity required, but alsc on the size and praportiocon of lumps
in the material to be handled. The size of a lump is determined
by its maximum dimensicn. A cleser definition of lump size would
be the diameter of a ring through which the lump would pass.
However 1f the lump has one dimension much  longer  than  its
transverse cross-sectiony the long dimension would determine the

lump size.

The character of the lump is al=so involved. Some materials
have hard lumps that will not break up in transit through a screw
conveyor. In that case provisions must be made to handle these
lumps. Other materials may have lumps that are fairly hard. but
degiradable in transit through the screw conveyor which reduces
the lump size toc be handled. Still other materialse have lumps
that are easily broken in a screw conveyor ands lumps of these
materials impose no limitations.

Three classes of lump sizes apply as follows:

Class 1

A mixture of lumps and fines in which not more than 10% are

lumps ranging from maximum size te one half of the maximum; and

0% are lumps smaller than one half of the maximum size.

19
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Class 2
8 mivtwe of lumps and fines in which not more than 25% are
lumps ranging from the maximum size to one half of the maximumsi

and 75% are lumpg smaller than one half of the maximum size.

Class 3
A mixture of only lumps in which 25% or more are lumps
ranging from maximum size to cne half of the maximumi and S% or

less are lumps less than one tenth of the maximum size.

The allowable size of a lump in a screw conveyor 1is a
function of the radial clearance between the cutside diameter of
the central pipe and the radius of the inside screw trough, as
well as the proportion of lumps in the mix. The ratiocs Fs 1s

defined as follows:

Fadial Clearance (inches)

R == e st 10 e e, o st e i e S0 et S S0 S e S i e S o 4 4o g S o o

Lump Size {(inches)
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classes of materials as delineated by code numbers. Alsc  shown
are capacities in cubic feet per houwr at the maximum recommended

revolutions per minute Grpm).

To input 1.2 cubic feet of lunar fines in 2 minutes as
requested by the mixing group translates inta a required capacity
of 36 cubic feet per howr. For screw conveyors having regular
helical flights all of standard standard pitch, the conveyor

speed, N, may be calculated by the formula:

Regq’d capacity (cubic feet per hour)

N = 1 e 1t ot St s 1 i 4t S S 2 b Sk B e SR St e Tt R S e B St B S i S S S o R e e T o e

Cubic Feet Per Hour at 1 RFM

Assume a 15% degiree of trough lcoading v+ & required capacity

of 36 cubic feet per how and a screw diameter of & inches. The

number  of revolutions per minute of sai

)

VS
+ Y

b
7 St w S

= R
~t 7

yias 3 I 2
W ism (a0

rpm.

Conveyor screw speeds must be considerved when using hard
iron bearings on hardened coupling shafts in order to minimize
wear and to reduce the squealing rnoise of dry metal on dry metal.
Checking the component group desigrnation (3D) found on Table 8
indicates hard iron will be used in  this application. The

following formula gives maximum recommended operating speed:

Shaftt Diameter (inches)
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The masximum operating rpm of the screw is calculated to be
(120)/(2) or &0 rpm. The required rpm of 48 is less than the

maximum vpm: therefores, no change in design is required.

Fer hard iron bearingss the shafting for the couplings is

usually low carbon steel

and surface hardened. Suitably hardened

allay shafting may alsa be used.

From Table 13y for a component group D « the hanger bearing
factors Fba is 4.4, The eguivalent length of the feeder is

calculated from the following equation:

L =L + B/&6 + C/12
f 1
B and T are acbtained from Table 146, and Figure F shows what
dimensions B and C refer to on a single screw feeder. L 1s equal
1
to the length of the feeder, which is chosen to be 7 feet. For a

6 inch diameter screws B is given as 36 and C is given as 1c.

The equivalent length stherefore, is 14 feet.

From Table 14 the conveyor factors Fd, is given as 18 for a

4 inch diameter screw.

Fower required

The calculation of the required horsepower to operate sorew

feeders involves the addition of twoe horsepowers, one for  the




-y

»

(X3

.~y

empty feeder fricticn, and the other for the material friction.

where

Horsepower for a single screw feeder

HP

&

(HFa + HFb) * Fo

and HF are defined as follows:

b
L1 N Fd Fb
HPga = - Empty Feeder Friction
1,000,000 Fower
C W LF Fm
HPb =  ————erm e Feeder Material Friction
1. 000,000 Fower
nomenclature values
C = Capacity in ft3/hr 36
3
W = Dernsity of material in lbs/ft 125
L = Eguivalent length in ft 14
.f'
L = Length of feeder in ft 7
1
N = Speed of screw rotation in vpm 48
Fb = Hanger bearing factor (Table 13) 4.4
Fd = Conveyor diameter factor (Table 14) 18
Fm = Material factor (Table 4) 2.8

Fo = Overload Factor (figure 14)

e = efficiency of the drive selected

is as follows:



Referring to Figure D. the factor Fo depends upon the sum of
the horsepower for friction of the empty conveyor (feeder in this
case) and the horsepower of material friction. In this example

the sum is (.027) + (.176) = 203 HF, and Fo is approximately 3.

Then assuming a slightly less than typical drive efficiency

of 75%% vields & HF reguirement of .81 HFj therefore using a 1 HF

motor with speed reduction to 48 rpm would achieve the necessary

flow rate.

The thecoretical estimated power reguirements just calculated
could be exceeded to the extent that the full 1 horsepcocwer of the
motor  would be used. Therefores, all components of the power
trainy the feeder shafts the screw pipe shaft, and the screw
itself should be capable of withstanding - at the speeds involved
for each—- the torsion force or tovrgue of a full 1 horsepower.
Table 13 1listse the torsiconal capacities of screw conveyor

components.

Table 1% combines the varicous torsional ratings of bolts.
couplings and pipes soa that it i1s easy to compare the torsional
ratings of all stressed pavis of standard conveyor scorews. The
table coenforms to the CEMA Sorew Conveyor Standard Neo. 300.  The
tovrsional  values are confined to the sizes listed in that

standard.
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The lowest torsional rating figure for any given size of
coupling will be the cne that determines how much horsepower may

be safely transmitted. The governing equation is as follows:

Torque,T = —————————e————

The torgue developed by a 1 HF motor at a speed of 48 vpm is
in. Ibs.. Thue 1t can be seen that the shaft itself 1ies the
limiting factor, and a 1.5 inch shaft diameter is required for

this system.

Counter shaft trough  ends., as shown in figuwe X, are
recommended to limit the interference with the mixer.
Application of countershaft trough ends permits drive
installations alongside, above or below the conveyor and permits

the use of horizontal drives for inclined convevors.

A rectangular trough may be made as illustrated in figuwe Y
from a single steel sheet or with sides and beottom of @ separate
pieces, dependent upon size and gauge of metal. It 1is
recommended to handle abrasive materials capable of forming a
layer of material on the bottom of the trough. The material thus

moves on itself, protecting the trough from undue wear.

No. 226 hangers shown in figure 2 have a rigid, formed-steel
box frame with clearance for passage of material in large volume.

They are mounted within the conveyor trough and are fuwrnished
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with hard iron bearings.

Table 1 gives all necessary dimensicons with the exception of
conveyor screw length which can be furnished to suit the reguired
eguivalent length of 14 feet. A secondary catch trough will alsow
be required that will facilitate the return of lunar fines to the
leading bin  as  shown in figure 00, Thie return system is
continuous operation of the screw. Thirust forces incurved dwing
start and stop cperation would cause ummecessary wear out of  the

feeder, so the screw will cperate continuocusly.

Volume control

Te obtain the required 1.2 cubic feet of lunar fines, a flap
valve will be copened to allow the filling of an a&ir lock chamber.
Az the flow vate of fines is already bknown, the flap and valve
1B will remain open for 2 minutes and then close. When the flap
is closed the fires will simply be retuned via the secondary

trough back to the bin (See Drawing &).

The lignin sulfonate is measwes out into & pipe that has a

volume of 012 cubic feet. Valve 14 is opened to allow the
binder to fill the cormecting pipe. Then valve 18 is closed and
valve 2A is capened and the lignin i1s emptied into the

intermediate chamber and introduced inte the mixing chamber with
the lunar fines. Introducing the lignin sulfonate along with the
lunar fines will help keep the lignin sulfonate from dusting the
gears in the mixing chamber.

Once valve 1B has been closed and valve 248 has been closed
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{i.e. the
binder),
mixing ch
minute.

reloading.

intermediate chamber 1is loaded with the fines and
valve 2B may be copened to allow the fines and binder to
amber via gravity. Load time should not exceed |

Valve 2B should close and the chamber will be ready for
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MIXING
The mixing preocess takes place by combining lunar fines.,
lignosulfonate, and water in a mixing chamber. The substance is
then mixed using revelving shafts with attached spikes. After

the mixture is thoroughly stirred. the bottom of the mixing
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The three ingredients are input into the mixing chamber by
two pipes leocated near the top on the sides of the cylindrical
chamber. First, the lignesulfonate and the lunar fines will be
dumped into the chamber and their input pipe sealed off with =&
valve. Next, the water pipe will be cpened and the water added
tae the chamber. The water pipe entrance will then be closed with
a valve so that the entire chamber is sealed. The agitators
attached to the revolving gears may revolve continucusly soa that
mixing takes place during the addition of the ingredients.
Sufficient mixing should be attained in fouwr minutes. Further
testing may suggest that a longer or shorter amount of time is
actually required for the mixing process to take place. Once

completed, the bottom of the mixing chamber will be opened to

o
-+

allow the sludge to flow cut intoe the mold below. The bottom
the mixing chamber will be made of a cseries of vanes attached to
cne  bar so that when the bar is moved horizontally, the vanes
will open and the sludge may exit the mixing chamber. The
mixtuwre will then flow through a cone-—-shaped tube conmnecting the

mixing and mold chambers. This tube is eealed off with a

-
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butterfly wvalve. This valve opens toc allow the mixture te flow
inta the mold and closes to ensure a vacuum—tight chamber for
water reclamation. Once the mixing chamber is emptys the bottom

cf the chamber and the butterfly valve will clase and the next

batch of ingredients may be added.

Methods of mixing

A system with four gear controlled agitatore will be used to
mix the substance. This will utilize a central shaft which
extends into the mixing chamber to rotate four spur gears. Each
of the fow gears will have an attached shaft extending from the
gear to 0.3 inches above the bottom of the chamber. Each of the
four revolving shafts will have five rows of fouwr cylindrical
spikes which overlap with adjacent shafts to ensuwe complete

it to each others the rows wWill

Jas

i

mMixing. Cin shatts located ac
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be placed at different vertical positions to prevent contact. On
shafts lacated diametrically acrass the chamhers the rows will be
at the same vertical position but the shafts will be placed so
the spikes are at different angles horizontally. This

orientatiocn will prevent contact among any of the spikes.

Due to its portability, ease of implementations and ability
to mix, the gear system is well suited for use in the lunar
envircnment. Other metheods considered were a mechanical batch
mixer as used for clay masonry construction and ultrascund mixing

as used for mixing fluids. The mechanical batch mixer was
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rejected due to the lack of natwral damping in  the lunar
environment. The ultrasound was rejected because it would only
serve to agitate the sludge and not mix it. The ultrascund may
be useful in shaking the mold for compacting the sludge but this

is not necessary.

Mixing chamber

The cylindrical mixing chamber, made of aluminum.s is 27
inches high. 15 inches in diameter, and 0.188 inches thick. The
chamber will be cylindrical for optimum mixing and minimum stress
covicentration. The 13 inch diameter will allow the heigth and
width of the sludge to be approximately equal. The 27 inch
heigth will leave rcom for the input tubes, gears, and proper
spacing from the top of the sludge to the tap of the chamber. I
thickness of 0.188 inches will adequately hold the stress dug to
the presswre and support of the system. Aluminum will be used

due to its high strength to weight ratic.

The valve that allows the mixtuwre to flow fyrom the mixing
chamber to the mold nozzle consists of a series of eight TFitted
damper vanes. These vanes will span the entire 15 inch diameter.
A side view of each vane is a parallelocgram with the top and

bottem lengths being 1.852 inches and the height being ©.188

inches. Thie shape allows overlapping which prevents leakage |

between vanes. The vanes are made of 0.188 inch thick aluminum.
The aluminum has a high strength to weight ratic and will

adequately support the sludge in the lunar gravity.
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The series of vanes will be broken uﬁ irnte twoe  halves to
allow the wvanes to ocpen properly. The vanes on the left half
will be hinged on the vight side zo they will open towarde the
bottom. The wvanes on the right half will have their hinges on
the 1left so they will also cpen towards the bottom. Where the
twa halves meet. the right varne will be rounded on the bottom to
prevent interference when opening. This right center vane will
have a top length of 1.667 inches to allow proper fit of the
vanes across  the diameter. The two ocutside vanes are rounded
upward on the top so the vanes may open without interfering with
the sides of the mixing chamber. Each of the vanes on the yright
half will have & crank which comes cut parallel to the vane and
turns  upward. The cranks Ffor the left half will come out
parallel and turn deownward. The end of each crank will be
connected to a single bar which when translated horizontally

rotates the vanes to the desired position.

At the bottom of the nozzle is a butterfly valve 6 inches in
diameter. This valve contrale the flow from the nozzle to the
mold. The butterfly valve will completely sexl the entrance to
the meold chamber so that a vacuum may be maintained. It will
alsa sweep the entrance of the chamber clean when opening and
claosing. Synchronization of the vanes and the butterfly valve
allows full control of the flow of the sludge from the mixing

chamber to the mold chamber.
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Input tubes

Two input pipes will be used to introduce the lunar Tfines,
lignoasulfonatesy, and water in.the mixing chamber. The top of
these pipes will be lcoccated 4 inches below the top of the mixing
chamber. This placement will prevent interference with the gears

but will leave clearance space between the bottom of the input
tubhe and the top of the sludge.

A & inch diameter, &.6 inch long pipe entering on one side
of the chamber will be used to input water. At the end of the
pipe will be a water holding tank containing the extra water
shipped to the moon and the reclaimed water cbtained from the
mald  chamber., This stored water will be used if water must be
added to fill the 0.108 ft needed. A valve will open and cluse
the pipe at the entrance toc the chamber and the exit of the
haolding tank. The holding tank valve will open and the 0.108 ft
pPipe will fill with water. This valve will then claese and the
valve at the mixing chamber will open allowing the 0.108 ft ta

enter the mixing chamber.

On the other side of the mixing chambers a & inch diameter
pipe will . be used to input the lunar fines and lignosulfonate
binder. This pipe will be y-shaped. One leg will enter into the
miying chamber, One leg will comrect to & container of
lignosulfornate binder with a valve used to contral the flow. The
cther leg will connect to a sorew conveyor transporting the lunar
fines. The screw conveyorr will regulate the flow of scil  into

the chamber.
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Gears

A central shaft 0.375 inches in diameter enters the chamber
through the top center and attaches to the central pinion. As
Drawing 3 showss there are fouwr spur gears evenly spaced arcund
the pinion. The top surface of each of the gears is located 0.5
inches from the inside top of the chamber. The minimum diameter
that the central shaft can be with no safety factor 1s 0.218
inches. A central shaft of 0.375 inches will have a safety
factor of 5. (See Appendix B ) A standard 0.2% horsepower, 115
volts 60 hz motor eguipped with & gear box to deliver 400 in-1b
of torgue at 30 rpm will be used to drive the central shaft.
This will require 4.6 amps. The motor will be coupled divectly

to the central shaft of the mixing chamber.

The pinion is 3 inches in diameters has & pitch of &
teeth/inch,s and has 18 teeth. (See Appendix B ) The radius of
the dedendum circle 1is 1.292 inches and the radius of the
addendum circle is 1.667 inches. The facewidth of the pinion is
1.6682 inches. The fow gears are identical and each has a
diameter of 4 inchess a pitch of 6 teeth/inch, and 24 teeth. The
radius of the dedendum circle is 1.797 inches and the vadius of
the addendum circle is 2.166 inches. The pressure angle is 20 .
The facewidth of each gear is 1.662 inches. These dimensions
will give a contact ratic of 1.35365 between the gear and the
pinian. (See Appendix B ) This contact ratioc will eliminate the
pessibility of impact between the teeth. The gears will have a

safety factor for fatigue loading of 8.
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Agitators

As Drawing 2 showss each of the four gears has a 0.375
inch shaft attached to it which extends from the top of the

o

mixing chamber to 0.5 inches above the bottom of the chamber.
The stirrers will be made of (41400 steel which has a vyield
strength of 131 kpsi drawn at 1000 degrees F. The minimum
diameter that the shafts can be with no safety factor 1is 0.151
inches. A shaft of 0.375 inches will have & safety factor of 5.
(See Appendix B ) This high safety factor is desirable due to

inconsistencies in  the lunar soil which may exert additional

forces on the shaft.

Each shaft will be cast with five horizontal rows of spikes.
Each row consists of fouwr cylindrical spikes evenly spaced arcund
the shaft. An individual spike is 3.75 inches long measured from
the center of the shaft or 3.56 inches measured from the cutside
diameter of the shaft. This length allows for 025 inch
clearance between the end of the shaft and the chamber wall. The

spike is 0.375 inches in diameter and flat on the end.

The spikes on adjacent shafts must be staggered. The center
point of the bottom row of spikes on two opposite shafts will be
G.5  inches Trom the bottom of theilr shafts. The remaining four
rows  on these two shafts will have their center points located
2.8 inches apart. Thuss the center points of these five rows

will be placed at 0.5, 3.3y &.1, 8.9, and 11.7 inches from the

bottom of the shaft. The other twoe cpposite shafts will alsc
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have ron placed 2.8 inches apart. These rows will be placed
1.9, 4.7 7S 10.3,. and 13.1 inches from the bottom of the
shaft. This placement will eliminate contact between the spikes
of adjacent shaftes since there will be & 1.03 inch horizontal
clearance between the top of one spike and the bottom of the

closest adjacent spike.

Opposite shafte will have their rows of spikes placed at the
same distance horizontally from the bottom of the shaft. T
avoid contacts the gears must originally be placed so that the
spikes are at different angles. When one shaft has i1ts spikes at
angles of 0O L8 180 4 and 270 . the spikes of the shaft
diametrically opposite should be at angles of 45 138 4 225
and 315 . This will eliminate contact between spikes on opposite
gearrs but will allow an overlap of 0.5 inches in the center of

the chamber to ensure thorough mixing.

The total volume of the ingredients 1s 1.32 ft . With no
shafts, the top of this volume would be at 12.907 inches from the
bottaem of the chamber. Wher the stirrers are introduced. the
four shafts will increase the volume by 5.732 in  and the eighty
epikes will increase the volume by 31.&623 in . Thus the total
volume will be increased by 37.355 in and the top of the mixture

will be raised 0.811 inches. (See Appendix B )
MOLDING

In the brick-making process. & mold is necessary to hold the
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zludge in its desired shape until the water is removed. The mold
must be made of a material that permits the extraction of water
from all faces of the object. but alsco one that is strong enough
toe not deflect under the weight of the brick. It must further be
able to open so that the final product can be removed. In
addition, the mold should be dynamic, enabling bricks of altered
contact angle. This permits the stacking of the brickes in the
parabolic shape necessary to maintain compression throughout the
members. Finallys, the mcld must be able to be integrated into
the remainder of the brick-making system in a lagical and simple
mamner while sti1ll maintaining the environmental integrity of the

system.
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Factors Affecting Mold Material

In choosing the proper material for use as a molds three
factors are of great importance: strengths weights and perme-

ability.

Strength

When the sludge is dumped intc the mold, the mold must be of
sufficient strength to permit negligible deflecticon. As the load
will be added and released many times. it must be designed to
allow for fatigue effects as well static loads. On the moons the
brick will weigh 25 1bf, and any one surface should be able to
withstand this locad to allow for a reascnable factor of safety as
the entire machine is worthless if the mold i1 rot propervly

functioning.

Weight

While maintaining this strength, however , it is also
desirable to maintain a low weight due to the cost of freight to
the lurnar swface. A lower mass will also make the mold movre
susceptible to any induced vibrations in the systems helping to

settle the sludge.

This combination of properties of strength and weight is best
suited to a composite material with a high strength—-tcoc-weight
ratico such as & KHevlar-epoxy compound. Fevlar has a strength of
65,000 psis and a density of only .03 1lbm/in 4y giving 1t =&
strength to weight ratico of 1.3 2 10 inches, 4.06 times that of

a high carbon steel. The density of the sludge is approximately

38



125 1lbm/ft » and the volume of the brick i1s 1.2 ft . On the
moons this weighs BS 1bf. 1In the worst possible cases the bottom

s face (which hae the smallest swrface area) supports the entire

load. The minimum thickness of the material is thus found to be
192.3 microinches {(See Appendix C). To allow in the design a
safety factor against buckling.s however.s a thickness of 0.5

inches is recommended. assuming a negligible maximum deflecticon.
The total volume of the mold is then computed to be about 876
cubic inches, which (for KHevliar) consgists of 28.8 1lbm. Complete

calculations can be found in Appendix C.

Fermeability

The mold must be more permeable than the brick material,
because a lower permeability in the mold wall would result in =&
build-up of vapor pressure at the sludge-wall interface. This
would cause a disproporticonate amocunt of porosity at the surface
of the brick, producing an unsound brick with a smaller effective
size. To achieve the necessary equivalent permeabilitys the
Fevliar must have a capillary density of at least 100 holes per
square incha with each hole having & diameter of 0.0464 i1nches
(see fAppendix C). Thise so~called "eguivalent permeability" is
derived using a compariscon of proporticonality coefficients  in
Darcy’s law of capillary flow between a normal poreosity and  an
equivalent porosity. The equivalent porosity is derived using
dimensional analysis on  the properties of the fluid and the
dimensions of the capillaries. Complete calculations can be

found in appendix C.
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Water Remaval from Mold

For the lignin sulfonate bond to form, the water must be
removed from the brick. This can be accamplished by allowing the
water to diffuse ocut of the brick in either the liquid or gasecus
state. Ligquid diffusion through porous media 1s very slows
typically diffusion time for a process such as this one is on the
order of hours. Therefore, a gasecus diffusicn method 1s more

desirable. Ta evaporate the water, two methods may be used:

1) Heat Addition

2) Fressure Removal

Heat Addition

Heat addition has the disadvantage of requiring rapid
temperature changes. According to Lienhart. lunar scil has a
specific heat of about 143.3 Btu/lbm F. Thus,s 1raising the
temperature froam the process temperature of 77 F  to water’s
atmospheric boiling temperatwe (212 F) would requive ABROUT
130,000 Btu. Alsoy the thermal conductivity of the brick is very
lows o it would take & great deal of time to heat and cool the
brick repeatedlys which would render it impoessible to meet the
proeduction rate specifications. Finally. if the water is to be
boiled at even atmospheric pressures the holding container must

then be able to withstand a full 15 psia.
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Pressure.ﬁemoval

Arn alternate method,s however, of converting the ligquid water
suspended in the brick intoc a vapor is through pressuwre removal.
This process enables the water to boil ocut of the brick while the
temperatwre of the brick remains essentially constant. Finally.
if the pressuwe is to be dropped, a lower presswe can be used in
the mcld chamber and thus a lighter pressure vessel would be

required.

Becausze of the weight and temperature advantages the brick
will be dried cut through a vacuum drying process. This will be
accomplished by pulling a hard vacuum orm the entive mold chamber.
Again, it is desirable to keep the dryving process at as low &
temperature as possible, as this dictates a lower pressure and
thus determines the required load that the pressuwre chamber
swrounding the mold must support. From the steam tables. we
find that 2 psi is sufficient to hold water in the liquid state
for up to approximately 120 degrees F. To allow for a reascnable
safety factor. the malding process will be held at 77 F. Ta
meet the production rate of one brick every 7.5 minutes. it is
necessary to remove the water in less than S minutes. Throughout
this amalysiss the brick is approximated as a hollow cylinder of
inside diameter 2 in, outside diameter 9 in, and height 18 in.
While this 1s considerably larger than the brick, it allocws use
of polar equations, enabling the elimination of a non-linear
term, and alsc allows for a worst possible case. The
permeability of the brick is used because it is considered to be

of greater fluid resistance than the mold. Te determine the

o 41




L3

s

*»

feasibility of the vacuum drying process, we turn to Luikov and
Fascal. From FPascal we obtain the following differential

equation (See Appendix C):

This equation can be sclved numerically (See Appendix C) to
vield a plot of pressure distribution at varicus times. The
results are shown in Appendix C and are valid under the following

assumptions:

*¥ The boiling takes place faster than the diffusion.

* The permeability of the brick is approximately equal
to that of a simulated earth sludge.

* The pressure at the boundary drops instantanecusly
to zero.

% The porosity of the brick is egual to unity.

The plots show that after 10 seconds, the maximum vemaining
pressure within the brick is less than .003 psis. which is
approximately 1/700th of the initial pressure. From this, 1t is
expected that the presswe will have reached its practical
minimum in 30 seconds. This 1s accepltable as 1t is well within

the necessary time frame to meet the production rate.
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The analysis alsc shows that permeability has a very
substantial effect on the rate of vapor pressuwre drop (or  flow
rate) in the brick. This can be seen by sclving the differential
equations using different initial conditions. The process,
however can work as long as the coefficient & (which is inversely

proportional to the permeability), is less than 0.05.
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Integration with the Remainder of the System

For the machine to work, the mold must be comnmected to the
mixing chamber and the water reclamation system. It is connected
directly to the mixing chamber in that the sludge must drop  into
the mocld from above. This comnection takes the form of a
butterfly valve, as this will permit the chamber arcund the mold
tc be completely sealed, thereby enabling a near—-perfect vacuum
to be created for the dryout process. When this valve openss the
sludge will fall into the mold. The mald is ariented such that
the lightening hole is vertical. This arrangement allows the
brick to slide cut of the mold when the bottom is vremaved. This
removes the necessity of having two halves of a lengthwise mold
that would have to be moved apart a full 18 inches to leave the
brick completely exposed when it is removed. Thie feature
permits the mold chamber to be thinner. thereby making the entire
device more portable. Due to the sloped upper surface of the
brick {(See Drawing 4), no splash shield will be reeded. A cover
will be placed over the top of the hole to prevent any sludge
from falling through the hole to the bottom of the surrcunding

chamber.

The connection to the water reclamation system. however .

takes place merely in the fluid regicon. When the pressuwe is
droppeds the gas is removed and the water twns inte vapor and
diffuses out of the brick and the mold. Finallys however, the

brick must be droupped onto the conveyor system to remove the

finished product. This can be accomplished by hinging the bottom
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suwrface of the mold and holding it in place with a latching
device. When the latch is tripped, the door will swing down and
aways enabling the brick to slide cut under its cwn weight. This
gate can be spring loaded so the gate will then clese and self-

latch in preparation for the next volume of sludge.
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The Dynamic Maold

If the mold is to make bricks of varying contact angles. it
must be dynamic in the sense that the mold must be able to
slightly alter its shape. IT the angle change is small encough,
this can be accomplished by pivoting the walls towards the
center. This camot be dealt with here due to the lack of
information as to the actual proposed structure, but it is an
issue that should be addressed once the final shape of the
dwelling is decided upon. If the angle change is significant,
however ., it may be necessary to use a carcusel of molds that
rotates after a given number of bricks are produced. This has
the disadvantage, however, of making the device less portable due

to size constraints.
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WATER RECLAMATION

The water reclamation process involves repressurizing and
trapping the water vapor in a holding tank after it has been
removed from the mold chamber through evacuation.
Represswrization rather than refrigeration is chosen as the
method for condensation of the water vapor because the vapor will
be at such a low partial pressure after evacuaticn that simply
cooling the vapor will not condense it. In addition. the lack of
any mode of heat transfer on the lunar suwrface other than
radiation to deep space makes it extremely difficult to design an
efficient heat exchanging system for refrigeration.

As Drawing S shows, the water reclamation system consists of
a two-stage vacuum pump system with an inter—stage condenser. a
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water pumps a water holding tank; a metering chambers a n
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gas heolding tank, and varicus pipes and valves connecting these
components with the mixing and mold chambers. Initially, all
valves are closed and all of the chambers are presswized with
nitrogen gas at an absclute pressure of 2.00 psia and  an
cperational temperature of 77 degrees F. The water holding tank
will initiélly contain the extra 0.392 cu. ft of water while the
remaining 0.108 cu. ft is contained in the brick which is in the
mold chamber.

The repressurizaticon process consists of the following

steps. First, wvalve A, B, and C are copened and nitrogen gas in
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the mold chamber is evacuated via the vacuum pump system. As the
pressure in the mold chamber drops below the vapor pressure of
water (0.460 psia at 77 degrees F).» the water contained in the
brick vaporizes and diffuses from the brick. The first stage of
the wvacuum pump system pumps this nitrogen and water vapor
mixture to the inter-stage condensers which is just a section of

piping with emitters attached on its cuter surface to radiate

heat into deep space. Here the water vapor condenses since the
pressure in the condenser well exceeds the vapor pressure of
water at the condenser temperature. The condensed water vapor

flows through valve € due to gravity and is trapped in a section
of piping called the condensate bleed-off pipe leading to the
water pump. Meanwhile. the second stage of the vacuum pump pumps
the nitregen gas from the exit of the condenser to the nitvrogen
gas holding tank, pressurizing it. This continues until the
pressure in the mold chamber drops to 0.001 psia. Thens valve A,
K. and C are closeds valve D is oupened, and the water pump pumps
the trapped water up inte the water holding tank. Finally, the
water is recycled inte the mixing chambher, and the nitroecgen gas
is recycled intc the mold chamber. To recycle the waters valve D
is closeds valve E is opened and water flows into the metering
chamber wvia gravity. Since the metering chamber has & volume of
exactly 0.108 cu. ft, by closing valve E and opening valve F.
exactly 0.108 cu. ft of water flows into the mixing chamber.
Recycling the nitrogen gas invelves closing valve B, opening
valve G. and bleeding the gas back into the mold chamber. Since
the nitrogen gas holding tank 1s originally pressurized to  the

same pressure as the meold chamber, the mold chamber will be
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repressurized to exactly 2.00 psia.

Simulation of the water reclamation process reveals that by
using a vacuum pump with a capacity of 70 cfs, the evacuation of
the mold chamber from 2.00 psia to 0.001 psia can be achieved in
1 esec. Howevers since the water takes 30 secs. to completely
evaporate from the brick, the pump system has to work the full 30
secs. to fully evacuate the mold chamber. In addition, using a
standard water pump with a capacity of S0 GFH at a total head of
7.00 ft, the 0.108 cu. ft of water trapped in the interstage
condenser  can be pumped up to the water holding tank in 1 min.
Dumping the water intoc the mixing chamber from the holding tank
via gravity takes arcund 10 secs. Since the mixing takes place
in the mixing chamber onlys the nitrogen gas can be bleed back to
the mold chamber during the time used for mixing which is 4 min.
This process of bleeding will take an average mass flow rate of
3.61E~-04 1bm per sec. In total, the water reclamation cycle

takes § min. and 40 secs.

The mold chamber is a cylindrical pressure vessel with
hemispheirical ends. It is oriented vertically with a total
length of 2.50 ft and an cuter diameter of 2.00 ft The mold
chamber is made from formed AP1100 aluminum sheets which are

welded together. The walls of the mold chamber have a thickness

aof 0.100 1n. except at the bottom where the thickness increases

- 49
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to 0.250 in. This increase in thickness is to accomidate the 0O-
ring seal and locking mechanism of the brick unleoading hatch at
the bottom of the mold chamber. The thickness 1s 1increased
gradually in order to avoid stress concentrations which may lead
toe failure due to bulging. A wall thickness of 0.100 in. is
chosen since a wall thickness of less than 0.100 in. may lead to
fatigue failure since the pressure in the chamber varies from
2.00 psia to 0.001 psia because there is no endurance limit for
aluminum. As a result, The mold chamber is over—designed with a
factor of safety of 21 for static failure. With this designs the

mald chamber weights 75.4 1bf on Earth when empty.

The bottom hemispherical end of the mold chamber is a hatch
which opens up when the chamber is evacuated to allow the brick
to bhe removed from the mald. This hatch has an O-ring seal which
provides an air tight seal when the mold chamber i1s pressuwrized.
The hatch is hinged on the left side and is lowered by two two-
arm linkages driven by an electric motor thrpugh direct drive.
The motor is mounted on sheet aluminum brackets which are welded
to the side of the mald chamber. The required horsepower of the
electric motor to raise the hatch is 1/6 hp. The two two-—-arm
linkages are mounted on the sides of the hatch perpendicular to
where the motor is mounted. Each two arm linkage consists of two
solid aluminum rods 1.00 ft in length and 0.500 in. in diameter.
The loecking mechanism for clesing the hatch for repressurization
consists of a ring of electromagnets which are placed arcund the

cutside of the hatch and the adjoining mold chamber. The magnets
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are activated when the hatch is clesed in order to lock it  and
deactivated when the hatch is to be cpened. The required current
for the electromagnets is 3.00 Amps at 12 Volts when locking the
hatch with an internal pressuwre of 2Z.00 psia. The entivre hatch

cpening mechanism will weight 46.00 1bf on Earth.

PR A LA R~ L1 4 R 0 A AR A

The vacuum pump system consists of twoe stages with an inter-
stage condenser which acts to condense the water for recycling.
The first stage of the vacuum pump system consists of CDil-sealed
rotary pump with a capacity of 70 cfs. This pump is to pumc the
nitrogen gas/water mixture from the mold chamber pressure  (which
varies from 2.00 psia to 0.001 psia) to a constant presswre of
0.450 psia at the entrance to the inter—-stage condenser. This
pressure at the entrance of the condenser is just below the vapor
pressure of water in nitrogen gas at 77 degrees F. Since the
temperature within the pump is above 77 degrees F due to the work
put in by the pump, the water will not condense within the pump.
The inter-stage condenser is just a section of piping with an
inside diameter of 4.00 in. and a thicknees of 0.250 in. On the
cuter surface of the condenser are emitters which serves to
radiate heat cut into deep space. 0On the bottom of the condenser
is a fummel section of piping which leads to valve C. This 1is

ter

fh

the bleed-off mechanism for the condensed water. As the w
goes through the inter--stage condensers the temperature will drop
and the pressure will increases, therebys causing the water to
condense. This increase in pressure and decrease in temperature

is due to back pressure from the second stage of the vacuum pump
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system and from heat transfer cut of the condenser via radiation.
respectively. The second stage of the vacuum pump system consists
aof a mechanical booster pump with a capacity of 70 cfs. The
purpcse of this pump 1s to pump the "dry" nitrogen gas firom  the
exit of the condenser to the nitrogen gas holding tank. This
will require the pump to pump froem a constant pressuwe of  O.S00
psia to the presswe in the nitrogen holding tank which varies
from 2.00 psi to 6.84 psi. The required pump work varies as the
chamber 1s evacuated. Maximum power reqguirement is 1/32 bhp for
the two pumps. The vacuum pump system weights a total of 30 1bf

cn Earth.

The water condensate blesd-off i a piece of 4.00 inm. 1D
steel piping that connects to the fumnel section of the inter-
stage condenser. The mechaniem depends on gravity to force the
condensate to collect at the bottom of the pipe section. Fram
there the collected water is pumped to the water holding tank by
a small water pump which activates when valve C closes and stops
when the water level in the bleed-off piping reaches beiow 0.2350
in. This will still leave 6.67E-03 cu. ft of water left at the
bottom of the bleed-off piping. However, since the water
reclamaticon process  1s continuous, this amount will always be
left at the bottom of the piping reswlting in near prefect
reclamation of water during successive runs. The required power
necessary to  pump the water inteo the water holding tank is 174

bhp. The water pump weights 5.00 lbf.

o
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The water reclamation process requires two holding tanks:
cne for water and ancther for nitrogen. Eoth tanks are thin wall
spherical pressure vessels. The holding tank for water is &6.00

in. in diameter and is always pressurized toc 2.00 psia. The

1

holding tank  for nitrogen is 1.00 0 Tt in diameter. and its
pressuwe varies from 2.00 psia to 6.24 pesia. Both tanks, like
the mold chambers are constructed from 0.100 in. thick AF1100
aluminum sheets which are formed and welded together. Like the
mold chamber, both holding tanks are over—designed in order to
prevent fatigue. The safety factor concerning static failure for
this design is 12.4 and 13.5 for the water and nitrogen holding
tankss respectively. The water holding tank and the nitrogen

holding tank weight 4.43 1bf and 17.7 1bf on Earth, respectively,

when empty.

The pipes connecting the components of the water reclamation
system are standard 4.00 in. ID carbon steel pipes with a
thickness of 0.300 in. Sections of piping include: 1.00 Ft
cannecting -the mold chamber to the first stage vacuum pump. 3.00
ft with two 90 degree elbows to conmect the second stage pump to
the nitrogen holding tank, and 3.00 ft for the bleed-off piping.
All 4.00 in. pipes are comected with flange type mountivgs with
O-ring seals. The connecticons are belted together using 5S-1/4
in. grade 3 bolts evenly spaced arcund the flange. This

connection gives a minimum safety facter of 3. In additicon,




standard 1.00 in. ID carbon steel piping with a thickness of
©0.315 in. is used to commect the nitrogen holding tank to  the
mold chamber and to connmect the water pump to the water holding
tank. The conmnections for these sections of piping are standard
threaded couplings. The total weight of the pipes is 100 1bf on

Earth.

The valves that are used for controel of the varicous vapor
and fluids routing 1lines are the commonly available solencid
actuated “flip-—flop”®™ butterfly valves. These have been chosen
because of their reliability, corrosicon resistance, light weight,
low power cornsumpticon and ability tec handle both liquides and

Vapors.

Fump and Valve Control

All pump and valves operations are synchronized and
controlled by a digital microprocessor controller which acts as a
proportional controller. Since the system is composed strictly
of first-order system components. proportional contrel will be
optimal for this application. The control scheme is a simple
cne. Sensorss such as flow meterse and pressuwre gages are located
in the mold chamber and along the pipes. As the pressure in the
mold chamber reaches 0.001 psia the pressure sensor will signal
te the controller to close valves A B, and C and to open valves

Dy and G. Similarily, the pump rates of the vacuum pump system

ie regulated from flow rate feedbacks from the flow meters along
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the pipes.

In order for the vacuum pump system to work efficiently
without failure, proper temperatuwre contreol is essential. The
preposed  system for temperature contrel ig to cover the outer
surfaces of the pumps with emitters which will radiate
continucusly inte deep space. By calculating the requivred heat
transfer necessary, the correct emissivity of the emitters can be
fouwnd. If the required heat transfer is too large, then ancther
system composing of heat exchangers which will circulate a
ceoling fluid from the pumps to a larger radiator may be
NeEcCessary. Due to lack of testing, however. this required heat

transtfer is presently unknown.

o
n
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Thie svestem is capable of producing the reguired 960 bricks

reguired to build & structure o the moor. The bricks are made
of the followings: lunar fines, ligrnin sulfornate and water. The
entirve supply of bricks can be produced in S days. This will

leave 8 days for placement of the bricks and constructicon of the

lunar gpace bullding before the lurner day 1s over.

- - g - -, of - I . . Lo pe e aba 3 - gk P
There are other aspects of this project which may reqguire

further analysis. Scll temperature must be maintained within &
certain range of @ +/- 2.5 degrees C. Fecause the transport
process of material to the mixing chamber  i1vvolves tTimivg,
micropirocessor control  woeuld be very helpful in regulating  the
cpening and cleosing of valves., Furthery analysis of the transient
flow in the pipes would serve to check for potential  two-phase
problems during water reclamation. Alsc,. thise system needs to be
mounted upon some type of trailer for releasing the birick from

the mold.
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AFFENDIX A

Transportation
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Cover Length
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Trough Length

M

Screw Length

Regular Or

Drnive Shaft with

'2<‘. ) ~——Regular Length Screw—»w F— Regular Length Screw——{ |=~0dd Length Trough—= Thrust Beann
To Sut po- A o Y € 9
End ) Barell | Type B, A o
?:gge i~—lnlel Spou(s-—»l' ] \ v Pipe | |bhalt_{ Insige
il \ N A AVARVARVAREY c 85
4 Oischarge_«
T Supporting Foot—* Saddle “el U e
I'Ognd _J L'H Matenial C L Hanger Soout Square BOI&S-F?_J *._
Travels—— Requtar Or Min &
Reguiar Length Trough—q‘.—Regular Length Troughs~—t+—Qad Length Screw H
To Sun
Figure B
Table 1 Layout Using No. 216, 220, 226, 270, 316, or 326 Hangers
| Convevor Screw j'Convey;f_hnuqﬂ1 T—-’—]ﬁ‘—’ I ."Mﬁ“ﬂw} - B Mf‘l_ ”—_1
[y T - : i ! T SweerPate’ T Drive Shatt
ils("_-* 5;;:;, ,( Rc'gularLLanh ‘; Half Length g I v A ‘81 cC f 0 & FiG " ) kL ":)L:‘;ntl'!‘t’ l"()'ug_h_gl"\(_’_‘
s N i i R - . R . D ™ Sh "
3 Oa Co%plnq " Screw | Hanger i Screw | Hanger tengin ;Lc"qm‘ : ! " i, | ! g"‘:\"':, iw-’l?:&o:ml!g_";: ?3?_::;'
lL il.ur\gm Centers ]Lengm Centers ! ; . ,L . Shatt ) BL.;::'Q L ng g
: Inches ) Feet and Inches ' — o - e _In(.m_s__ ) I -
' 4 . 1 '9-10% 10-0 14-10%] 5-0 ' 10-0 5-0 . 5 3% 4% 1', EIREN) _1 2% 1 34 & - ==
| 6 | 1% _9:10 10-0 . 4-10| 50 10-0. 507 4, 5% 1Y 4l ’91 b am 2 s 1 ]
g ! 1% 9-10 10-0 '4-10| 5-0 10-0 '5-0 10 6% 7% l‘fs 6% ' .10 1'; 4"w 2 Tl 1 1 LA R
N 9-10 . 10-0 ! 4-10 | 5-0 ! 10-0 5-0 '10 6% 7% 1% 6% >710 1 4" 2 7% 1 | 1 .1 1
10 | 1% 9-10 10-0 410 | 5-0 {10-0:5-0 :11 6% 8% 1% 7% ° Y 1% 4N 2 7% 1 1 1 1
P2 910 100 4-10} 5-0 ,10-0.5-0 11 6% 8% 1% _75 ':_ V1 1h 4% 2 7l 1 1 1o
L I 2 11110120 1510 | 60 112-016-0 113 7% 9% .2 8% '% 12, 1% | 6% 2 8% 1 1 R B
. 2 0 27 119 12:0 5.9 | 60 112-0:6-0 13 7% 9% 2 8‘7..;5«. 12 1% | 6% 3 8% 1% 1, 1y 1y
; ;3 _ 19 120 /59 | 6-0 12-0;6-0[13 7%, 9% ;2 |8% %12 1’/.. 6% 3 8% 1% 1 11 1y
b i + 2. b 2 B 1 RSN
i 14 2% : 11-9 . 12-0  5-9 6-0 | 12-0 1 6-0 {15 9% ‘10% 2 T,Q% Y 13' 1% | 6% 3 A0% 17, 1 1% Y
3 » 11-9 112-0 :5-9 ; 6-0 ' 12-0[6-01!15 9% 10% . 2 ) 9% % [13% 0 6% 3 10 1| 1% il 1l
16 3 1 1-9 . 12-0 {5-9 | 6-0 | 12-0| 6-0 |17 10%:12 2% 110% ?/,4_14'7;2 ' The 3 114, 1% 1 1y 1!/;_1.
18 | 3 119 1120 (59 [ 6-0 [ 12-0]6-0 |19 12%[13% 12% [12% |% |16 2 | 8 13 12% 1Y 1% ;w,fw,}
3% | 11-8 | 12-0 | 5-8 6-0 | 12-0 | 6-0 {19 12% [13% i2% [12% | % 16‘;12 8 4 112% 2 2 12 12
20 3 11-9 | 12-0 | 5-9 6-0 | 12-0 | 6-0 {21 13% {15 2% |13% % 17 12% | 9% (3 213}..‘ 1% ETA m
3% | 11-8 112-0 {5-8 6-0 112-0 | 6-0 |21 13% 115 12! 13% ;% 17% ]2 | 9% 14 .13%[ 2 2 2 {2 ‘
24 | 3% | 11-8 [ 12-0 [ 5-8 | 6-0 | 12-0 | 6-0 |25 6% [18% [2" [15% % |20 [2'2 |10 |4 |15 2 2 2 |21

('} Varies sughtly when drive shaft assemblies with thrust provisions are provided.
(2) Dimensions same for trough ends. supporting feet and saddles.
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Table 3 Material Classification Code Chart

Major Code
Class Material Characteristics Included Designation
Density Buik Density, Loose Actual
| tbs/ft?
; No. 200 Sieve (.0029") And Under Asco |
; Very Fine  No. 100 Sieve (0059") And Under | A,q ‘
| No. 40Sieve (016)AndUnder | Ay
i ! ;
i Fine No 6 Sieve (.132") And Under I Bo ;
| size Granular %" And Under LoC,
' Granular 3" And Under " Dy
(" umpy Over 3" 7o Be Special
X=Actual Maximum Size l D,
i
Irregular Stringy. Fibrous, Cylindrical, ;
Slabs, efc. i
Very Free Flowing —Flow Function 10 I 1
Free Flowing — Flow Function >4 But < 10 o2
Flowability {  Average Flowability —Flow Function 22 But<4 ! 3 !
' Sluggish — Flow Function < 2 © 4 Ji
T 1
Mildly Abrasive —index 1-17 i 5 |
Abrasiveness Moderately Abrasive— Iindex 18-67 i 6 [
Extremely Abrasive -~ Index 68-416 P 7 |
- _ ; 4 )
Builds Up and Hardens ; F E
Generates Static Electricity G i
Decomposes — Deteriorates in Storage ; H :
Flammability : J !
Becomes Plastic or Tends to Sotten | K
i Very Dusty 1 I
Aerates and Becomes Fluid I
Explosiveness I N
1t scellaneous Stickiness-Adhesion l (0]
Properties Contaminable. Atfecting Use i P
Or . Degradable. Affecting Use Q
Hazards ¢ Gives Off Harmful or Toxic Gas or Fumes i R
; Highly Corrosive .S
i Miidly Corrosive T
I Hygroscopic U
' Interiocks, Mats or Agglomerates ; \
| Oils Present W
Packs Under Pressure | X
I Very Light and Fluffy — May Be Windswept i Y
Elevated Temperature l z

|

¢ 1 Reter 10 page B-37 tor lump size kmiations



Table 4 Material Characteristics
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I matl.

. Weight Material Component ,

Material be/f? Code Series F;‘::‘o' ,

i

Adipic Acid 45 45A,0,35 2B 5 ‘|

Alfaifa Meal 14-22 18Bg45WY 20 6 i

Altalfa Peliets | 41-43 42C, 25 20 ) ;

Alfalfa Seed , 10-15 13Bg 15N . 1A1B-C | 4 ;

Almonds, Broken ‘ 27-30 29C. . 35Q { 20 9 :

Almonds. Whole Shelled { 28-30 29C,35Q ¢ 2D : 9 i

Alum, Fine 45-50 48B¢35U 1A-18-1C 6 ;

Alum, Lumpy ! 50-60 558425 2A-2B 1.4 !
Alumina 55-65 58Bg27MY . 30 1.8
Alumina Fines | 35 35A,0027MY 30 16
Alumina Sized or Briquette | 65 650,37 30 20

Aluminate Gel (Aluminate !

Hydroxide) ‘ 45 45B¢35 ;2D 1.7 '
Aluminum Chips. Dry I 7-15 11E45V i 2D 2
Aluminum Chips. Oily i 7-15 11E45V 2D 8
Aluminum Hydrate l 13-20 17C, 35 1A-18-1C 1.4
Aluminum Ore (See Bauxite) . — - - -
Aluminum Oxide i 60-120 9CA017M 3D 1.8
Aluminum Silicate | )

(Andalusite) | 49 49C. 358 3A-38 8
Aluminum Sulfate 45-58 52C.,25 1A-18-1C 10
Ammonium Chloride,

Crystaliine 45-52 49A,0045FRS 3A-38B 7
Ammonium Nitrate | 45-62 54A,,35NTU 3D 13
Ammonium Sulfate | 45-58 52C. 35FOTU 1A-1B-1C | 1.0
Antimony Powder I - A0035 20 16
Apple Pomace, Dry ;15 15C.,45Y 20 1.0
Arsenate of Lead (See :

Lead Arsenate) - - - -
Arsentic Oxide (Arsenolite)') 100-120 110Ap035R - -
Arsentic Pulverized 30 30A,025R 2D 8
Asbestos-Rock (Ore) I 81 81D,537R gg 1,3
Asbestos-Shredded 20-40 30E46XY 1.

Ash, Black Ground 105 1058435 1A-18-1C 20
Ashes, Coal, Dry — %" I 35-45 40C, 467Y 30 30
Ashes, Coal. Dry —3" I 35-40 3804467 3D 25
Ashes, Coal. Wet — 3" 45-50 48C.,467 30 30
Ashes. Coal, Wet — 3" 45-50 4804467 30 4.0
Adhoman Crosned - | a8 450,45 aisic | 20
Ashphalt. Crushed — 3" ’ -18- .
Bagasse ’ 7-10 GE45RVXY ! 2A-28-2C 1.5
Bakelite. Fine 30-45 38Bg25 1A-1B8-1C 1.4
Baking Powder 40-55 48A,0035 18 6

| Baking Soda (Sodium . .

| Bicarbonate) 40-55 48A 0025 1B 6 !
Barite (Barium Suifate) + !5" 20-180 1500.36 30 - i

-3" 120-1 3 , :
Barite, Powder 120-180 150A 035X 2D i 2.0
Barium Carbonate 72 72A,0045R 2D 16
Bark. Wood. Refuse 10-20 15E45TVY 30 2.0
B1rley, Fine. Ground 24-38 31Bg35 :2: g-:g : :
32?:331 Meal | 28 g;ggg 1A-1B-1C | 4 |
Barley. Whoie 36-48 42B¢25N 1A-1B-1C 5
Basalt 80-105 93B¢27 3D 1.8
R - IS B
Bauxite. Crushed — 3" - 3 .
Beans. Castor. Meal | 35.40 38B¢35W 1A-1B8-1C | 8
Beans. Castor, Whole Shelled 32 328.,,:5W 11 2 : g': (C:: g
Beans. Navy. Dry 4 48C.,15 -18- .
Beans. Navy. Steeped 60 60C. 25 1A-1B-1C 8

(*)Consult FMC
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Table 4 (cont'd) Material Characteristics

Mat'l.
Weight Material Component | Factor
Material be/ft? Code Series Fm
Bentonite, Crude 34-40 37D,45X 20 1.2
Bentonite.— 100 Mesh 50-60 55A,0025MXY 20 7
Benzene Hexachloride 56 56A,0045R 1A-18-1C 6
Bicarbonate of Soda

{Baking Soda) - - 1B .6
Blood, Dried 35-45 400,45V 2D 20
Blood, Ground. Dried 30 30A,0035U 1A-18 1.0
Bone Ash (Tricalcium

Phosphate) 40-50 45A,0045 1A-18 1.6
Boneblack 20-25 23A,0025Y 1A-18 1.5
Bonechar 27-40 348435 1A-18 16
Bonemeal 50-60 55835 20 1.7
Bones. Whoie(') 35-50 43E45V 2D 3.0
Bones, Crushed 35-50 430,45 20 2.0
Bones. Ground 50 508435 20 1.7
Borate of Lime 60 60A 5035 1A-1B-1C 6
Borax, Fine 45-55 50Bg257 30 7
Borax Screening — %" 55-60 58C,35 2D 1.5
Borax, 115"-2" Lump 55-60 580,35 20 18
Borax, 2"-3" Lump 60-70 650,35 20 20
Boric Acid, Fine 55 5584257 3D 8
Boron : 75 75A,0037 20 1.0
Bran, Rice-Rye-Wheat 16-20 18B¢35NY 1A-1B-1C 5
Braunite (Manganese Oxide) 120 120A 0036 20 20
Bread Crumbs 20-25 23B¢35PQ 1A-18-1C .6
Brewer's Grain, spent, dry 14-30 22C, 45 1A-1B-1C 5
Brewer’'s Grain, spent, wet 55-60 58C, 45T 2A-2B .8
Brick, Ground - %" 100-120 110Bg37 3D 2.2
Bronze Chips 30-50 408445 20 2.0
Buckwheat 37-42 40Bg25N 1A-1B-1C 4
Caicine. Flour 75-85 80A,0035 1A-1B-1C 7
Calcium Carbide 70-90 80D425N 20 20
Caicium Carbonate (See

Limestone) - - - -
Calcium Fluoride (See

Fluorspar) - - - -
Calcium Hydrate (See Lime,

Hydrated) - - P -
Calcium Hydroxide (See !

Lime, Hydrated) - - - -
Calcium Lactate 26-29 28D,45QTR 2A-28 6
Calcium Oxide {See Lime, :

unslaked) - - - | -
Calcium Phosphate 40-50 45A,0045 1A-1B8-1C | 1.6
Calcium Sulfate {See !

Gypsum) - - - |-
Carbon, Activated, Dry, Fine('} - - - L—-
Carbon Black, Pelieted(*) - - - -
Carbon Black, Powder(') - - - -
Carborundum 100 1000427 30 3.0
Casein 36 36835 20 1.6
Cashew Nuts 32-37 35C,45 2D 7
Cast iron. Chips 130-200 165C, 45 2D 4.0
Caustic Soda 88 88Bg35RSU 3D 1.8
Caustic Soda, Fiakes 47 47C,45RSUX 3A-38 15
Celite (See Diatomaceous

Earth) - - - -
Cement, Clinker 75-95 850,36 30 1.8
Cement, Mortar 133 1338435Q 3D 3.0
Cement, Portland 94 94A,0026M 20 1.4
Cement, Aerated (Portiand) 60-75 68A0016M 2D 14

(*)Consuit FMC
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Table 4 (cont'd) Material Characteristics

(")Consuit FMC 0490

Mat'l.
Waeight Material Component | Factor
Material lbs/ft ; Code Series Fm
Cerrusite (See Lead

Carbonate) - . - - -
Chalk, Crushed 75-95 850,25 2D 1.9
Chaik, Pulverized 67-75 T1A,0925MXY 20 1.4
Charcoal, Ground 18-28 23A,5045 2D 1.2
Charcoal. Lumps 18-28 23D,45Q 2D 1.4
Chocolate, Cake Pressed 40-45 430,25 28 1.5
Chrome Ore 125-140 133D,36 aD 25
Cinders. Blast Furnace 57 570,367 3D 1.9
Cinders, Coal 40 400,367 3C - 1.8
Clay (See Bentonite,

Diatomaceous Earth,

Fuller's Earth, Kaolin &

Marl) - - - -
Clay, Ceramic, Dry. Fines 60-80 70A,5,35P 1A-18-1C 1.5
Clay, Calcined 80-100 90B436 30 2.4
Clay, Brick. Dry, Fines 100-120 110C,,36 D 20
Clay. Dry, Lumpy 60-75 620,35 20 1.8
Clinker. Cement (See

Cement Clinker) - - - -
Ciover Seed 45-48 47Bg25N 1A-18-1C 4
Coal, Anthracite (River &

Culm) 55-61 60Bg35TY 2A-28 1.0
Coal, Anthracite, Sized — 4" 49-61 55C,,25 2A-28 1.0
Coal, Bituminous, Mined 40-60 50D,35LNXY 1A-18 .9
Coali, Bituminous, Mined,

Sized 45-50 48D,35QV 1A-1B 1.0
Coal, Bituminous, Mined,

Slack 43-50 47C,45T 2A-2B .9
Coal, Lignite 37-45 41D,35T 2D 1.0
Cocoa Beans 30-45 38C,25Q 1A-1B .5
Cocoa. Nibs 35 35Cy,25 20 5
Cocoa, Powdered 30-35 33A045XY 18 .9
Cocoanut. Shredded 20-22 21E45 28 1.5
Cotfee, Chaff 20 20Bg25MY 1A-18 1.0
Cotfee. Green Bean 25-32 29C,25PQ 1A-1B .5
Coftee. Ground. Dry 25 25A,,35P 1A-1B .6
Coffee. Ground. Wet 35-45 40A 045X 1A-18B 6
Coffee. Roasted Bean 20-30 25C,25PQ 18 4
Coffee, Soluble 19 19Ao35PUY 18 4
Coke, Breeze 25-35 30C,37 3D 1.2
Coke, Loose 23-35 300,37 3D 1.2
Coke, Petrol, Calcined 35-45 400,37 3D 1.3
Compost 30-50 400,457V 3A-3B 1.0
Concrete, Pre-Mix Dry 85-120 103C,36U 30 3.0
Copper Ore 120-150 1350436 3D 4.0
Copper Ore, Crushed 100-150 1250,36 3D 40
Copper Sulphate,

(Bluestone) 75-95 85C,35S8 2A-2B-2C | 1.0
Copperas (See Ferrous

Sulphate) -- - -

Copra, Cake Ground 4045 43Bgd45HW 1A-1B-1C 7
Copra, Cake, Lumpy 25-30 28D,35HW 2A-2B-2C .8
Copra, Lumpy 22 22E35HW 2A-2B-2C 1.0
Copra. Meal 40-45 42B¢35HW 2D 7
Cork, Fine Ground 5-15 108g35JNY 1A-1B-1C .5
Cork, Granulated 12-15 14Cy,35JY 1A-1B-1C 5
Corn, Cracked 40-50 45B¢25P 1A-1B-1C N
Corn Cobs, Ground 17 17C,25Y 1A-1B8-1C 8
Corn Cobs, Whoie(') 12-15 14E35 2A-28B -

Corn Ear{") 56 56E35 2A-2B -
Corn Germ 21 21Bg35PY 1A-1B-1C 4
Corn Grits 40-45 43B435P 1A-1B-1C 5
Cornmeal 32-40 36B¢35P 1A-18 .5
Corn Oil, Cake 25 25D,45HW 1A-1B 6
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Tabie 4 (contdj Material Characteristics

i : Weight |  Material | Component " Matl. |

! Material Ibs/ft Code i Series ! Factor |

t ' o Fmo |

| Corn Seed 45 ; 45C..25PQ 1A-1B8-1C | 4

i Corn Shelled 45 i 45C. 25 1A-1B-1C | 4.

i Corn Sugar 30-35 33B435PU 18 110

| Cottonseed. Cake, Crushed 40-45 | 43C, 45HW 1A-1B 110

| Cottonseed. Cake. Lumpy 40-45 [ 43D,45HW 2A-28 10|

! Cottonseed. Dry. Delinted 22-40 1'31C.25% 1A-1B 6 ;

i Cottonseed. Dry. Not ; |

i Delinted 18-25 ¢ 22C,,45XY 1A-1B ;9

{ Cottonseed. Flakes 20-25 | 23C, 35HWY 1A-18 -8

' Cottonseed. Hulls 12 ; 128435Y 1A-1B 9 |

| Cottonseed. Meal. Expeller 25-30 | 28B,45HW 3A-38 S

| Cottonseed. Meal. Extracted 35-40 ' 37Bg4S5HW A8 !5 |

i Cottonseed. Meats. Ory 40 40B,35HW 1A-1B 6 !

| Cotionseed. Meats. Roited 35-40 38C. 45HW 1A-18 6 :

! Cracklings. Crushed 40-50 © 45D,45HW 2a-28-2Cc 13 |

* Cryolite, Dust 75-90 | 83A,5036L 20 20 ,
Cryolite. Lumpy 90-110 1 100D 36 20 2.1

- Culiet. Fine 80-120 i 100C. 37 3D - 20

- Cullet. Lump 80-120 © 100037 30 25 :

' Culm {See Coal. Anthracite) - - - - .

; Cupric Sulphate ;

© (Copper Sulfate) - e - - ;

~ Detergent ‘

' (See Soap Detergent) - - - - !

. Diatomaceous Earth 11-17 | 14A4036Y 3D 16 ;

. Dicalcium Phosphate 40-50 | 45A,,35 1A-1B-1C 16 ‘

- Disodwum Phosphate 25-31 | 28A,4,35 3D 5

! Distiller's Grain. Spent Dry 30 ' 30Bg35 2D 5

! Distiliers Grain. Spent Wet 40-60 50C. 45V 3A-3B 8 «

i Dolomite, Crushed 80-100 : 90C. 36 2D 2.0 :

| Dolomite, Lumpy 90-100 . 950,36 20 20 |

* Earth. Loam, Dry. Loose 76 » 76C.,36 2D 1.2 !

; Ebonite. Crushed 63-70 67C.,35 1A-1B-1C 8 j

i Egg Powder 16 -~ 16A4,35MPY 1B 10

i Epsom Salts ' ‘ !

' (Magnesium Sultate) 40-50 . 45A,,35U 1A-18-1C 8 ;

* Feldspar. Ground 65-80 © T3A 37 2D .20 i

© Feldspar. Lumps 90-100 950,37 20 20 !

. Feldspar. Powder 100 . 100A-, 36 2D 20

- Feldspar. Screenings 75-80 78C. 37 2D 20
Ferrous Suifide — '>" 120-135 128C.,26 1A-1B-1C ' 20
Ferrous Sulfide — 100M 105-120 113A,,,36 1A-1B-1C 20
Ferrous Sulphate 50-75 63C, 35U 20 10
Fish Meal 35-40 38C. 45HP 1A-1B-1C 10

' Fish Scrap 40-50 450 ,45H 2A-28-2C 15

I Flaxseed 43-45 44B,35X 1A-1B-1C , 4
Flaxseed Cake : |

(Linseed Cake) 48-50 - 49D ,45W 2A-28 7
Flaxseed Meal |

(Linseed Meal) 25-45 35B¢45W 1A-1B 4 '
Four Wheat 33-40 © 37A,,45LP 1B 6

: Flue Dust. Basic Oxygen :

© Furnace 45-80 53A,,36LM 30 .35
Fiue Dust, Blast Furnace 110-125 © 118A,,36 3D 35
Flue Dust, Bosler H Dry 30-45 - 38A,,36LM 3D - 20
Fluorspar. Fine ‘

{Calcium Fluonde) 80-100 908,36 20 .20
Fluorspar. Lumps 90-110 . 1000,36 20 20
Flyash 30-45 3BA,,36M 3D 120
Foundry Sand. Dry t

(See Sand) - - - L -
Fullers Earth. Dry. Raw 30-40 L 35A4025 2D 120 !
Fullers Earth. Oily. Spent 60-65 : 63C. 450W 3D , 2.0
Fullers Earth. Calcined 40 i 40A,5025 , 3D 120 ;
Galena (See Lead Sulfide) ~ - |- | - i
Gelatine. Granulated 32 | 32B,35PU J B | 8 i




! r Mat'l.
¢ Component ;| Factor

2

ey

: Weight Material

. Material the/tt’ i Code Series = Fm

I Gilsomte 37 + 37C.,35 3D 15

| Glass. Batch | 80-100 ' 90C,37 30 25
Glue. Ground 40 i 40Bg45U + 20 17
Glue. Peart" | 40 ' 40C.,35U © 1A-1B-1C ; 5
Glue. Veg Powdered 40 40A 445U 1A-18-1C 6
Gluten. Mea! 40 40B435P 18 R
Granite. Fine - 80-90 . 85C. 27 3D 25
Grape Pomace ‘ 15-20 t 180,45V . 20 14
Graphite Flake . 40 | 40Bg25LP . 1A-1B-1C 5
Graphite Fiour . 28 - 28A,35LMP 1A-18-1C 5

* Graphite Ore b 8575 - 70D,35L 20 10

" Guano Dry(") : 70 70C.,35 3A-38 20
Gypsum, Calcined : 55-60 © 58Bg35U 2D 16
Gypsum. Calcined. : .

Powdered 60-80 ! 70A 035V 20 20
Gypsum Raw — 1" 70-80 © 75D425 2D 20
Hay. Chopped(') 8-12 ' 10C. 35JY 2A-28 16
Hexanedioic Acid :

(See Adipic Acid) - to- - -
Hominy, Dry 35-5n. : 43C. 250 1A-18-1C 4
Hops. Spent. Dry ‘ 35 1 350,35 2A-28-2C 10
Hops. Spent. Wet - 50-55 i 530,45V 2A-28 15
Ice. Crushed : 35-45 400,350 2A-28 4
ice. Flaked(®) i 40-45 43C.,350 18 6

. Ice. Cubes b 3335 340,350 18 4
Ice. Shell : 33-35 . 34D,450 18 4
limenite Ore : 140-160 . 1500437 3D 20
Iron Ore Concentrate I 120-180 i 150A,,37 " 3D 22

" iron Oxide Pigment I 25 - 25A,,,36LMP 1A-1B-1C 10

- lron Oxide. Millscale k 75 ' 75C.,36 - 2D 16

- tron Pyrites '

{See Ferrous Suifide) - - -~ -
lron Sulphate :

{See Ferrous Sulfate) ‘ - - .- |-
Iron Sulfide ' :

{See Ferrous Sutfide) - - - -
lron Vitriol

{See Ferrous Sulfate) - - - S~

* Kafir {Corn) 40-45 43C.,25 3D ]
Kaotin Clay 63 630,425 20 20
Kaolin Clay-Tale 42-56 49A,,35LMP 20 20

. Kryalith {See Cryolite) - .- - -
Lac.ose 32 . 32A,,35PU 18 -6
Lamp Biack ;

(See Carbon Black} - L - - -
Lead Arsenate 72 72A,,35R 1A-1B-1C 14

. Lead Arsenite 72 C T2A4,35R 1A-1B-1C 14

" Lead Carbonate 240-260 - 250A,,35R 2D 10

. Lead Ore— 4" 200-270 235835 3D 14
Lead Ore—":" 180-230 ; 205C. .36 30 14
Lead Oxide (Red Lead)

— 100 Mesh 30-150 © 90A o, 35P 20 12

. Lead Oxide {Red Lead)

: -~ 200 Mesh 30-180 i 105A,0035LP 20 12

. Lead Sulphide — 100 Mesh 240-260 - 250A;35R 20 -

. Lignite {See Coal Lignite) - C - L= -

" Limanite. Ore. Brown ©120 120C. 47 30 17

. Lime, Ground, Unslaked ; 60-65 © 638 35U 1A-18-1C 6
Lime Hydrated ' 40 ' 40B,35LM i 2D 8
Lime. Hydrated. Puivenized . 32-40 - 36A,,35LM ' 1AA1B N <
Lime. Pebble 53-56 i 65C. 25HU i 2A-28 20
Limestone. Agricultural 68 - 688,35 20 20
Limestone. Crushed 85-90 © 880,36 i 2D 20
Limestone, Dust ‘ 55-95 | 7SA,,46MY | 2D 16-20
Lindane i f

i (Benzene Hexachloride) - - I C-
Linseed (See Flaxseed) - | - = .
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Table 4 (cont'd) Material Characteristics

Y

Phosphate Disodium
{See Sodium Phosphate)

| i Matl.
Weight Material : Component | Factor
Material iba/tt? Code . Series Fm
Litharge (Lead Oxide) - - - -
Lithopone 45-50 48A4,,35MR 1A-18 1.0
Maize {See Milo) - - — -
Malit, Dry. Ground 20-30 , 25Bg35NP 1A-18-1C 5
Malit: Meal 36-40 ‘ 38B425P 1A-1B-1C 4
Malt, Dry Whole 20-30 25C. 35N 1A-18-1C 5
Malt, Sprouts 13-15 | 14C. 35P 1A-18-1C . 4
Magnesium Chloride : ’
{(Magnesite) 33 33C. 45 1A-1B 10
Manganese Dioxide('} 70-85 78A,035NRT | 2A-28B 1.5
Manganese Ore 125-140 1330,37 ‘3D 20
Manganese Oxide 120 120A ;36 i 2D - 20
Manganese Sulfate 70 70C. 37 © 3D ‘24
Marble. Crushed 80-95 88Bg37 - 3D - 2.0
Marl. (Clay) 80 800,36 20 16
Meat. Ground 50-55 S3E4S5HQTX 2A-2B 15
Meat, Scrap (W/bone) 40 40E46H 20 ‘15
Mica. Flakes 17-22 . 20Bg16MY - 2D 1.0
Mica. Ground 13-15 i 14B,36 20D 9
Mica. Pulverized 13-15 I 14A,,c36M 20 1.0
Milk, Dried. Flake 5-6 ’ 6B:35PUY 1B 4
Milk, Malted 27-30 . 29A,,45PX 18 9
Milk. Powdered 20-45 ! 338,25PM ;18 5
Milk Sugar 32 32A,,35PX ; 18 6
Muk. Whole. Powdered 20-36 28B,35PUX . 1B 5
Miit Scale (Steel) 120-125 123E467 © 3D 3.0
Milo, Ground 32-36 34Bg25 i 1A-1B-1C 5
Milo Maize (Kafir) 40-45 43B¢ 15N i 1A-1B-1C , 4
Molybdenite Powder 107 ; 107B,26 120 15
Monosodium Phosphate 50 i 50B¢36 2D 6
Mortar. Wet('} 150 | 150Ea6T - 3p 30
Mustard Seed 45 | 45Bg15N . 1A-1B-1C 4
Naphthalene Flakes 45 ! 45B¢35 : 1A-1B-1C 7
Niacin (Nicotimic Acid) 35 35A,035P 2D 8
Qats 26 26C. 25MN ¢ 1A-1B-1C 4
Oats. Crimped 19-26 23C.,35 " 1A-18-1C 5
. Oats. Crushed 22 22Bg45NY ;. 1A-1B-1C 6
. Oats. Flour 35 35A,,,35 " 1A-1B-1C 5
{ Qat Hulis 8-12 | 10B¢35NY . 1A-1B-1C 5
i QOats. Rolled 19-24 22C. 35NY 1A-1B-1C 6
Oleo Margarine (Margarnine) 59 | 59E4SHKPWX . 2A-2B 4
Orange Peel. Dry 15 | 15E45 2A-28 15
Oxalic Acid Crystals — : :
Ethane Diacid Crystals 60 1 608,3508 ¢ 1A-1B 1.0
Oyster Shells. Ground 50-60 55C. 367 . 3D 16-20
¢ Qyster Shells, Whole 80 80D,36TV . 30 2125
Paper Pulp (4%, or less) 62 62E45 2A-2B 1.5
Paper Pulp (6% to 15%,) 60-62 61E45 | 2A-2B 15
Paratfin Cake —'," 45 45C. 45K - 1A-18 ¢ 6
Peanuts. Clean. in shelt 15-20 18D,35Q - 2A-28 6
Peanut Meal 30 30B,35F 18 6
Peanuts. Raw, Uncleaned
{unsheiied) 15-20 18D,360 30 7
Peanuls. Shelled 35-45 40C. 350 18 4
Peas. Dnied 45-50 48C. 15NQ ; 1A-18-1C 5
Periite-Expanded 8-12 10C. 36 2D 6
Phosphate Acid Fertilizer 60 60Bg257 2A-28 1.4

INCAncHilt ErAC



LS

.y

-

Table 4 (cont'd) Material Characteristics
’ ' ! , Matl.
' Weight i Material i Component : Factor :
Material U et | Code Series Fm
Phosphate Rock. Broken |, 7585 ! 80D,36 20 21
Phosphate Rock. Pulverized = 60 i 60B¢36 20 17
Phosphate Sand 90-100 ! 95B437 30 20
Plaster of Pars
(See Gypsum) - - - _
Plumbago (See Graphite) — C= - -

. Polystyrene Beads 40 . 40Bg35PQ 18 4
Polyvinyl. Chlonde Powder 20-20 © 25A,5045KT 28 10
Polyvinyl. Chloride Pellets 20-30 - 25EB45KPQT 1B 6
Polyethelene. Resin Pellets 30-35 - 33C,,45Q 1A-1B 4
Potash (Muriate) Dry 70 . 70Bg37 3D 20 i
Potash (Munate) ‘

Mine Run 75 75D,37 3D 22
Potassium Carbonate 51 51B436 20 1.0
Potassium Chioride Pellets 120-130 125C. 257UV 30 1.6
Potassium Nitrate — 3" 76 76C.,16NT 30 1.2
Potassium Nitrate — 4" 80 808B426NT 30 12
Potassium Sulfate 42-48 45B446X 20 10
Potato Flour 48 48A,,,35MNP 1A-18 5 ‘
Pumice — %" 42-48 - 45B446 30 16 .
Pynite. Pellets ©120-130 125C. 26 30 20 !
Quartz. — 100 Mesh ¢ 70-80 75A 0027 3D 17 z
Quartz. - %" | 80-90 85C. 27 30 20 !
Rice. Bran 20 20B435NY 1A-1B-1C 4 :
Rice. Grits 42-45 44B¢35P 1A-1B-1C 4
Rice. Polished 30 30C.15P 1A-1B-1C 4
Rice. Hulled 45-49 47C. 25P 1A-18-1C 4
Rice. Hulls 20-21 21B¢35NY 1A-1B-1C 4
Rice. Rough 32-36 34C. 35N 1A-18-1C 6
Rosin—1" . 65-68 67C, 450 1A-1B-1C 15
Rubber. Reclaimed Ground '  23-50 37C. 45 1A-1B-1C 8
Rubber. Pelleted 50-55 530,445 2A.2B-2C 15
Rye 42-48 458,15N 1A-1B-1C 4
Rye Bran 15-20 188,35Y 1A-1B-1C 4
Rye Feed 33 33B¢35N 1A-18-1C 5
Rye Meal 35-40 38835 1A-18-1C 5

. Rye Middlings 42 428,35 1A-18 5
Rye. Shorts 32-33 33C.35 2A-28B 5
Safflower. Cake 50 500,26 2D 6
Safflower. Meal 50 508,35 1A-18-1C 6
Satflower Seed 45 458, 15N 1A-1B-1C 4
Saftron {See Saftlower) - - - -

Sal Animoniac

(Ammonium Chioride) .- ;o - -

. Salt Cake. Dry Coarse 85 - 1 85B¢36TU 3D 21

: Salt Cake. Dry Pulverized 65-85 . 75B,36TU 3D 17

i Salicylic Acd 29 © 29B437U 3D 6

¢ Salt. Dry Coarse 45-60 53C.,36TU 30 10

. Salt. Dry Fine 70-80 . 75B,36TU 3D 17
Saltpeter — !

© (See Potassium Nitrate) - P - - -

- Sand Dry Bank {(Damp) 110-130 | 120B,47 30 28

~ Sand Dry Bank (Dry) 9C-110 100B,,37 3D 17

. Sand Dry Sitica 20-100 Q58,27 3D 20
Sand Foundry (Shake Out) | 90-100 950,372 3D 26

~ Sand (Resin Coated) Silica L 104 ' 104B,,27 30 20
Sand (Resin Coated) Zircon | 115 115A,,,27 3D 23 ;
Sawdust. Dry L 10-13 12B,45UX 1A-1B-1C 7 |
Sea-Coal ;65 i 658,36 20 10
Sesame Seed 27-41 ‘ 348,26 2D 6
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Tabie 4 (cont'd) Material Characteristics

Mat'l,
! Weight Material Component | Factor
Material 1 ibs/ft3 Code Series Fm
Shate. Crushed I 85-90 88C,,36 20 20
Shellac. Powdered or '
' Granulated AN 31Bg35P 18 6
j Silicon Dioxide (See Quartz) - - - -
Silica, Flour 80 B0A (46 2D 15
Silica Gel + !5"-3" : 45 45D0,37HKQU 30 2.0
Slag. Blast Furnace Crushed 130-180 1550,37Y 3D 24
Slag. Furnace Granular, Dry 60-65 63C., 37 ! 30 22
State. Crushed.— 1" 80-90 85C. 36 i 20 20
Slate. Ground. — %" 82-85 848,36 | 20 16
Sludge. Sewage. Dried : 40-50 45E47TW aoD 8
Sludge. Sewage. ;

Ory Ground | 45-55 50B46S 20 8
Soap. Beads or Granules | 15-35 25B¢35Q 1A-1B-1C 6
Soap. Chips 16-25 | 20C.35Q 1A-18-1C 6
Soap Detergent 15-50 j 33Bg35FQ 1A-18-1C 8
Soap. Flakes 5-15 i 10Bg35QXY 1A-1B-1C .6
Soap. Powder L 20-25 23Bg25X 1A-18-1C 9
Soapstone, Talc. Fine | 4050 45A,0045XY 1A-1B-1C |20
Soda Ash, Heavy ! 55-65 60Bs36 20 1.0
Soda Ash. Light i 20-35 28A,036Y 2D 8
Sodium Aluminate. Ground | 72 728436 20 10
Sodium Aluminum Fluornide | :

(See Kryolite) R - V- -
Sodium Aluminum Sulphate{’) . 75 75A 0036 20 1.0
Sodium Bentonite '

{See Bentonite) - - - -
Sodwm Bicarbonate

{See Baking Soda) - - - -
Sodium Chionide (See Salt} - - - P -
Sodium Carbonate (See |

Soda Ash) - - - |-
Sodium Hydrate [

{See Caustic Soda) |- 1= - -
Sodium Hydroxide ;

{See Caustic Soda) b= - - -
Sodium Borale (See Borax) @ - - - -
Sodium Nitrate y 70-80 75D425NS 2A-28B 12
Sodium Phosphate | 50-60 $5A35 | 1A-18 9
Sodium Sulfate !

{See Sait Cake) I - - - -
Sodum Sulfite . 96 96B¢46X 2D 15
Sorghum. Seed E

{See Kafir or Milo) ! - - - -
Soybean. Cake | 40-43 42D,35W . 2A-1B-1C 10
Soybean. Cracked t 30-40 35C., 36NW ; 2D 5
Soybean. Flake. Raw | 1825 22C..35Y | 1A-1B-1C | 8
Soybean. Flour I 27-30 29A4035MN -~ 1A-1B-1C 8
Soybean Meal. Cold i 40 408435 1A-1B-1C 5
Soybean Meal. Hot i 40 4084357 . 2A-2B 5
Soybeans. Whole i 45-50 48C.26NW | — 10
Starch ! 25-50 3BA,515M f 1A-1B-1C 110
Steel Turmings. Crushed 100-150 125D,46WV i 3D 30
Sugar Beet. Pulp. Dry 12-15 14C. 26 ; 2D 9
Sugar Beet. Pulp. Wet 25-45 + 35C., 35X i 1A-1B-1C 1.2
Sugar. Refined. :

Granulated Dry 50-55 53Bg35PU 1B 1.0-1.2
Sugar. Refined.

Granulated Wet 55-65 60C, 35X 18 14-20
Sugar. Powdered 50-60 55A1035PX 1B 8
Sugar. Raw 55-65 60Bg35PX 18 1.5
Suiphur. Crushed —'," 50-60 55C.,35N 1A-1B 8
Suiphur. Lumpy.—-3" 80-85 83D,35N 2A-28 8
Sulphur, Powdered 50-60 55A,035MN 1A-18 6
Sunflower Seed 19-38 29C,, 15 1A-1B-1C 5
Talcum. =" 80-90 85C.,36 20 9
Talcum Powder 50-60 55A,0036M 20 8
Tanbark,. Ground(') 55 55B8¢45 1A-18B-1C 7
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Table 4 (cont'd) Material Characteristics

Matl.
Weight Materiat Component | Factor |
Materiat ibe/tt? Code Series Fm
Timothy Seed 36 36Bg3SNY 1 1A-1B-1C 6 |
Titanium Dioxide | : !
(See limenite Ore) - - P - -
Tobacco. Scraps 15-25 20D;45Y i 2A-2B ‘8 i
Tobacco, Snuft 30 308445MQ | 1A-1B-1C ' 9 :
Tricalcium Phosphate 40-50 45A,445 * 1A-1B 16 |
Triple Super Phosphate 50-55 53Bg36RS ' 3D $ 20 i
Trisodium Phosphate 60 | 60Cy36 b 20 17 '
Trisodium Phosphate. ; ' i X
Granular 60 : 60836 - 20 17 '
Trisodium Phosphate, i ; f ;
Pulverized 50 I 50A 036 . 2D 16 |
Tung Nut Meats, Crushed 28 | 28D,25W 1 2A-2B . 8 ;
Tung Nuts 25-30 ‘ 280515 1 2A-2B o7
Urea Polls. Coated 43-46 . 458425 1A-1B-1C ;12 i
Vermiculite. Expanded 16 | 16C.35Y 1A-18 (5 {
vermiculite, Ore 80 ¢ 80D,36 2D I v
Vetch 48 488 16N 1A-18-1C | 4
Wainut Shells. Crushed 35-45 408436 . 20 ‘1.0
Wheat 45-48 47C, 25N . 1A-1B-1C 1 4
Wheat. Cracked 40-45 . 4TBg25N ¢ 1A-1B-1C 4
Wheat, Germ 18-28 1 23Bg25 | 1A-1B-1C | 4
White Lead. Dry 75-100 88A,,36MR ' 2D 1.0
Wood Chips. Screened 10-30 20D,45VY I 2A-2B | ®
Wood Flour 16-36 26B¢35N l 1A-18 L4
Wood Shavings 8-16 12E45VY 2A-2B . 15
Zinc. Concentrate Residue 75-8 78837 30 i 1.0
Zinc Oxide. Heavy 30-35 33A 045X 1A-1B i 1.0
Zinc Oxide. Light 10-15 13A,0045XY 1A-18 Lx.o




»

>t

L ]

Table 5 Horizontal Screw Conveyor Capacity*

Matenal Scrow Maximum Capacity Cubic Feet
Class Degrec of Dia Recommended | Per Hour
Code Trough Loading inches pm Al Max rpm At One rpm
©OA-15 6 165 368 223
©A25 9 155 1270 | 82
) 815 45% 1
. B-25 12 145 2820 | 194
' C-15 '——|“—‘—_|-‘ 14 140 4370 ;312
I c.25 i :
. ! P16 130 6060 . 467
t } Y 120 8120 . 676
; i 20 110 10300 | 937
- i P24 100 16400 . 1640
. A-35 E-35 | 6 120 180 . 149
' A-45 E-45 9 100 545 5.45
B-35 i 30% 12 90 1160 <129
B-45 | A L14 85 ! 1770 208
' C-35 ' .
' C-45 ! 1
D-15 ;
D-25 i
D-35 i 16 80 | 2500 31.2
D-45 18 75 ' 3380 = 450
| E-15 f 20 70 : 4370 ' 625
i E-25 H 24 65 7100 1080
A-16  D-16 | 6 60 90 ! 1.49
A-26 D-26 9 55 300 ! 545
A-36 D-36 | 30% 12 50 ‘ 645 . 129
A-46 D-46 | B 14 50 , 1040 | 208
B-16 E-16 | :
B-26 E-26 ;
B-36 E-36 ;
B-46 E-46 ; i
c-16 16 a5 . 1400 | 312
C-26 18 45 . 2025 | 450
C-36 20 40 : 2500 | 625
Fc-«s 24 40 I 4360 109.0
A-17  D-17 6 60 ‘ 45 0.75
A-27 D-27 9 55 i 150 2.72
A-37 D-37 15% 12 50 . 325 6.46
A-47 D-47 14 50 520 10.4
B-17 E-17
B8-27 E-27
B-37 E-37
B-47 E-47
c-17 16 45 700 15.6
c-27 18 45 1010 225
c-37 20 40 1250 31.2
C-47 24 40 2180 546

*For capacities ol inclined screw conveyors. contact FMC
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Table 7 Maximum Lump Size

T

s Radiat Class | Class Il ! Ciass Il
Bam | 0T | cemumee | o, o RTRTE, | IR
inches’ Max Lur'np tnch Max Lump. inch Max L.unio. Inch
6 2% . 2% | 1% f % %
9 2% 0 3% | 2% 1% %
9 2% | 3% 2% 1% %
12 2% | S%e 2% 2 1
12 | 3w 0 ax 2% 2 1
12 | 4 4% 2% 2 1
14 | 3% 5% 3% 2% 1%
14 | 4 [ 5% 3% 2% 1%
16 | 4 } 6% 3% 2% 1%
16 ;| 4% 6% 3% 2% 1%
18 4 7% 4% 3 1%
18 4% 7Y% 4% 3 1%
20 4 8% 4% 3y 2
20 a% 8% 4% 3% 2
24 4 | 10% 6 i 3% 2%
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' Table 8 Component Group Selection Guide

Conézonenl‘Group
signation
Matersal g:,’: ihcation Type of intermediate Hanger Bearing(?)
Group See Tadle 12
oeNumbe' Babbitted Sel Ball Harg |
Hrar e | Mramane | S oanaress | Devanaton | o | woonaung | 8o | 1GH
A200 Be Non-Corr. - 1 A B C -
A100 5 T : 2 A 8 - -
A0 C, S 3 A B - -
Dy Non-Corr. 2 A 8 c -
1 D2 orE 5 T 2 A 8 - -
Die s 3 A B - -
Dy : '
Axo | Bs Non-Corr. ;. 2 - - - D
Ao — 6 T 3 - \ - - D
Ado Cy ! S 3(") - i - - D
Da Non-Corr. 2 - - - | D
D7 org | 6 T 3 - = - . D
Die s (') - i - - | D
D, X : H
Axo | Be Non-Corr. 3 - - - . D
Ao 7 T 3 - - - D
Aso Cy | S 3(Y) - - - - D
D3 I Non-Corr. 3 - - - D
07  or€ 7 T 3 - - - . D
D1s s 30" - ~ - D
Dl i

{*)For very corrosive conditions (codes 6S or 7S} lighter gauge special anti-corrosion

materials may be used.




Table 12 Recommended Hanger Bearings and Coupling Shafts

Component Group

T

Bearing Type

Coupling

Group A

Ball

T
t
i

Standard

Group B

Babbitt

Bronze
(")Graphite bronze
(")Canvas base phenolic
()OIl impregnated bronze
(*)Oil Impregnated wood

Stardard

Group C

{*)Plastic
(*)Nylon
(M)Teflon

Standard

Group D

{*)Chiiied hard iron
(*)Hardened alloy sleeve

Hardened

" INonlubncatec bearnings or bearnngs not dadtionaily tubricated

Table 13 Hanger Bearing Factor, F,

Component Beanng E
Group Type b
Group A Ball 1.0
Babbitt
Bronze
B ()Graphite bronze 1.7
Groue ()Canvas base phenolic
{1)Oil iImpregnated bronze
{(")Oil Impregnated wood
{')Plastic
Group C (*)Nylon 20
(*)Teflon
Group D (*)Chilled hard iron o U,
roup (*)Hardened atloy sleeve q."‘

("YNonlubricated bearings. or bearings not additionally fubricated.
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Table 14 Screw Diameter Factor, F,

Screw
Dian.ater
inches

]

Screw
Diameter
Inches

4
6
9

10

12

12.0
18.0
310
37.0

§5.0 .

14

18
20
24

780

106.0
135.0
165.0

« 235.0

Rl

F, — OVERLOAD FACTOR

Factor F,

3.0
29

28
2.7

26

25
24

23

22

2.1

20
1.9

1.8

1.7
1.6

1.5

1.4
13

1.2

1.1
1.0

0.2

03 04

THE F, VALUE iG LISTED.

05 06 08

1 2

HORSEPOWER HP, + HP,_

FOR VALUES OF HP, + HP,, GREATER THAN 5.2, F,1S1.0
TRACE THE VALUE OF (HP, + HP,,) VERTICALLY TO THE DIAGONAL LINE, THEN ACROSS TO THE LEFT WHERE

Figure D




Table 15 Torsional Ratings of Bolts, Pipe and Coupling In. Lbs.

Pipe Couphngs Bolts )
Snati Ona o Torave Yorque In. Lbs on ! Bons"n‘n sthse" T, I Bolts I‘r; Bl..b.s"ng T,
In Lbs '
Stg Hara Numper of Bolts Used
Inches T T, T, Inches 2 N 2 3
1 1% 3.140 820" 1025 % 1.380 | 2.070| 1.970 2,955
1% 2 7.500 | 3,070'' 3,850 % 3,860 5.490]| 5.000 7.500
2 2% 14,250 | 7,600'Y 9,500 % 7.600 11400} 7860 | 11,790
2% 3 23,100 {15,090 | 18,900 % 9,270''"113.900{ 11,640 | 17.460
3 3% 32.100 [28.370 |35.400 % 16.400 |24.600!15,540'" 23,310
3 4 43,000 {28,370 | 35.400 % 16.,400''124,600! 25,000 | 37.500
3% 4 43,000 (42,550 |53.000 % 25,600 |38.400!21.800'" 32,700
M imiting Torsional Strength ;
Table 17 Equivalent Length of Feeder, L,
Maximum T Values of Lt Feet
Matenal Particle Sue Flight Type For Dimensions
Code Class Inches Under inlet See Figures F & G. page B-46
A1S. A16, A17, Standard pitch |
A25, A26, A27, % i
Short pitch | +B8+C
A35. AJ6. A3T. Uniform dia. i b 6 12
Standard pitch | B & C from
B15.816.817. , ('JTapered dia. | Table 16.
B25.826. B27, % Short pitch ! page 33
B35, B36. B37, (')Tapered dia. l

(")Variable pitch of constant diameter may be used in place of tapered diameter and constant
pitch flighting.




vEnclosed countershatt
trough end

figure X

figures Y
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No. 226 hanger
with hard iron bearing
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CALCULATIONS

’ B ., ¢
.. L{: s L| + z + TTZ'.
L,= 7FFT
® B : 36
C- 12
3¢ 12
PY L¢* F+ e
* |4 FT
° HP = L INFaFR . 7249)(9)(d4) _ .o27
I, 000,000 [, 000, c0OO
® HPp » CW ke Fro . 3¢ (125)14)2.2) = . 176
{, 000, 00O I, 600,000
® | '
He - (HP o+ HPy ) Fe . (Loz7 +.13¢)(3.0) _ . 9/ Hp
e . *+S |
.-
T.: ©3025 X Hp . ¢3025 . /3/3 /nibs
N “3 |
°
®
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Mixing
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Shaft Size Determination SIDE VIEW

“_—S-—Ce’/wz-'z
ONE AGITHATOR OF 80 F SHaFT
IS SHOWN IN SIDE (NEERUNNEL TR (A
VIEW . PINION WLl
LORIVE FouR oUuTTER
GeEARS ., EACH QUTTER,
GEAR DRIVES A SHAFT
CARRY /G T2O AGITATORS.

PIN 1 ON

LANTON
NSy

\

AS AciTATOR (S ROTATE D, =
MAOTER/FH EXERTS A FoRCE \/
AMINST epcH AGITATOR. .

T H IS FOoRCE S5 GIVEN BY:
TOPR UV/EW

D= 3 Cof VEA WHERE

L1}

PRAG CoEFFICIENT

DensITY OF SLUDGE

VELOCITY ¢F AGITATOR

* TOTAL SUREFACE ALREA CF AGITATOR

"

>L0D
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THIS FORCE CREATES A memenT ARBoL7
TIHE ROTATIG SHAL T, THIS rMomentT (S
GIvER ABY !

M= Dy = J—zCof\/LAy

WHERE y 1S RAOIAL DISTANCE FRon
CENVTER ofF ROTATING SHAFT.

BECAUSE MOMENT AND VELOC|TY VARY
WiTH DISTANCE FRoamwm CENTER OF

ROTATION | LNTEGRATION MuST AE
PERForMED.

m= | VA
J; Z Caf Y
V=wy ) W= ROTATIoNAL VELLCITY

A = Z'Kr-dy j [ * RADILS OF AGITATOR

dy

r
BY svuRSTITUTION

me [ B Coplwy) Znrdyy

M= Coyw"T\'T'fyad)/
M = Cufw"TVY'(Yu/'—l)’L




e

V = AVERAGE VyELec ITY

d
WHERE

<!

w (ys* V)2

ds 2T
V7 VviscesiTY of MATERIAL

w = (30RPM )(2.rr)< lb:;;c)

= 3,14 b RAD/sec

Yg: . 026 AT
y; =  3Bct¥ £
V= (31416 2no [sec)(. 026FT 1+ . 30iv eT.) /2

-
-

.S I1S51 FT /sec

2(.0lseFT)
. 03125 FT

d: 2r

V& (072 FT?*|sec

Re: (SIS F'r/sc‘c)(.oarzs Fr)
r0° % Fri/séc

= /., @/
THIS VaLvE Frecds A DRAG cocrFic/enT

Com 22




DENS ITY OF LuNAR PMATERI/IFL wAS TARCN
T RARE

p: 93.64 (b [FT?

Se,
yrye-t,SO/YFr

2 4
M= Cogwim (y /4)1}")'5 . o2eFT

lb¢e
= (22)(93.64 tbm/Fr2)(3. 1416 mo/sec)zw s 31 Ilgmﬂ—/sec‘)

" 30/8)-(026)"
(L orsepr)(f22 o)

M = .37 FT: lbg

For eAcH AGITATOR THERE (S . 37]FT lb,
OF TORQUE EXTRTED oN THE DRIVING
SHAFT, 3JiNCce A SINGLE SHAFT CRRRIES
20 AGITATORS , THEN THE TOTAL TorHLE
UPeny THE SHAFT IS '

20(, 371 FT'”D;.')

= F. 42 ET7 b,

99.04 IN'IbF




T
T = T WHERE

T ¢ APPLIEDN ToReUE

T 5 RADIUS of SKRAFT ; d=2r
J: w~d%[32
~. T(d/2)
/ - O
mdY
32
MRBRNIPULATING, .
I USE G Y/400 STEEL
d = (T——"‘("") ) SHERAR STeess = /3/,000/4,
Ly 70 N

Y
(9%. 04 mib; ) 14

v (/3/ 000 /b )

= /8129 N
For. spFeTy FACTOR oFf s

d= 2sg” FoR Four ORIVING SHAFTS .

TORQUE ON CONTRAL SHAELFT +5

(2,3-?‘)(99.07 Inethy)

6.9 /. /6;

-

OCLrvEREY ABY one oOF TiHE
Fou R DRIVERS



THERE ForE , TOTAL TORGUE EXRERTED
ON CenTRA L SHAFRT IS

s H (668 INv ke )
= 2(.7 lN"b;4

US(NG A SAFETY FAcTOR. O .S Y/

L

A REQUIRED (NnPUT Toeque ofF

o
N
o
n

400 (N - tbg

FOoR THE CenTRAL INPUT SHAET
[ Tie) "
cd- 7T
Y
3
| (ze7 23 iN-106 ) L6)

T {131,c00 lb__g>
| | IN*

d = 219~
USING A SAFETY FACTOR oOF S

dr ,373"




\Volume Caleulotion

VoLume oF mixTueé = T rzh
voLum
h - ——

Ty

- (12 # 02 7,09 (43
T (. 625 £+) 7%

.ov &

1

i

12.9017 in

VoLumg oF EACH SHAFT

‘nTr"h

it

433 in3

VoLumE oF 4 SHAETS

4 (1433 3.3%)
5.732 a3

n

VoLume OF eAed sPe = TTreh

T 8% ) 2. 907 )

2 (A3 N 3. 5¢in)

0—. 345- ' 3

VoLume ofF 806 3PIKES

'\

(50 )( .395 ;3D
3. 23 /a3

"

TQ‘I‘A [

VeLUME of STIRZELS = 5,732 :n3

2

= 37. 35-5- ]na

HeiouT g2ARISED = VolumE

Tr?
- 37 3ss
7’—(7 s-,'n)z

]

0. 211 in

+ 3623

N
A\

3



RADILS oF PiNioN (rp) = S in

NUMBEE oFf TEETW on PinileN Cl\lp) =18

RADILS o GeAR (rg) = 2.0 in

Numpee o€ TeeTH on GEARLZ (Ng) = 24

Piren (P) = b =Y,
PLESSURE ANGLE (=) = a2p°

Fok STANDARD PAIL oF GERES Ko =Kg =\

ROV ENDUM AND DEDENDUM MEASUREMENTS

=L - 1L - 16T in
P b

b » 1.2 _ 125 _ 208 in
P b

RADII  oF ADDENDUM AND DEDENDUM (2ELES

PINION
('ap = LSO + T = Lbb?
(dp = |.§0 - ,20% = 1.242
GEAR
Feg = 2.00 + L1 = 2.0

V'Jas 2.0 + ,20® =2.208

CouTacT CLATID

M = LENGTHR o0F AcToN (iNE Lf + fe

BASE PiTeH 'pb




] ]
Co. £C = &; [‘/(Mc.sin“)z ﬁ"'“f-(, (“C, *Ke) - MG sim K
o,
| \/ N —
. = 2 ()| V(@4 sin20) +4(i)(2d +1) - 24 sin 20
.. = 0,5‘1‘4'
[ .
L v 2 '
. bp = &P[_\/(ijlnd> 4’4KP(NP +KP) - MP Ofnd
‘__'__.— o
° ‘,xw)L\/(:?s{nzo‘)"+‘+(ﬂ(l? F1) = 1% sin20°
= 0.3706
= s X
° Py P
T T cos¢
P
/ TV
"&.—C)cos 20°
o = 0.492
m = 0.3 + o.%4
® o. 4472
= LSS
®
[ ]
®
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Grear Determ rafionr

P
0

(1) HORSEFOWER = .25 hp

(2) SFEED RATIO = 1.333

(3) RFM OF FINION = 30 rpm

{4) FRESSURE ANGLE = 20 DEGREES

(S) TYFE OF TEETH : CUT / MILLED

(6) RELIARILITY (FATIGUE)Y : 99 %

(7) RELIARILITY (SURFACE DURARILITY) :@: 52 %
(8) LIFETIME = 10000 hy

(9) TEMPERATURE = 25 DEGREES

£10) SHOCE IN S0URCE : UNIFORM

{11) SHOCE ON MACHINERY : UNIFORM

{12y TYFPE OF SUFFORT : AVERAGE

(13) YIELD STRENGTH OF FINION = 131 kpsi
(1a) ULTIMATE STRENGTH OF FINION = 131 kpsi
{153) BRINELL HARDNESS 0OF FINION = 300

(16) YOUNG™S MODULUS OF FINION = 30 Mpsi
(17) FPOISSON'S RATIO OF FINION = .292

(18) YOUNG®S MODULUS OF GEAR = 30 Mpsi

(19) FOISSON'S RATIO OF GEAR = 292

(20 (LWHNIDIRCTIONAL OR (EIDIRECTIONMAL DRIVE

FINIOM GEAR @

FITCH = S5.99%99%6 TEETH /7 IN
NUMEER OF TEETH = 138

FITCH DIAMETER = 3.000002 1IN
LINE VELGCITY = 23.56196 FFM
LOAD = 350.1407 LEBF

FACE WIDTH = 1.6462239 IN

MAXIMUM FACE WIDTH = 2.61799& IN
MINIMUM FACE WIDTH = 1.570797 IN

SAFETY FACTOR
STATIC LOADING : 30.49634%

FATIGUE LOADING : 7999999
SURFACE DURABILITY : 2.9203289
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10 CLS:REM SETUF MENU
Q0 PRINT: FRINT: FRIMT: FRINT
=0 PRINT TAR(1S) "SPUR GEAF DESIGN PROGRAM"
40 FRINT: FRINT: FRINT
S0 PRINT TAE{21) "MATN MENU"
60 FRINT:FRINT:FRINT " (0) EXIT THE FROGRAM®
70 FRINT " (1) STATIC LOAD DESIGN"
80 FRINT "  (2) FATIGUE LOAD DESIGN®
50 FRINT " (2) SURFACE DURAETILITY DESIGN"
100 FRINT: FRINT: PRINT
110 INFUT "SELECT FRIMAGRY DESIGN CONSIDERATION ;0
Qo5 £T = 214159265
170 IF @ = 0 THEN CLS:END
140 IF @ < 1 OR © > 2 OR B <> INT(E) THEM 10
150 CLS
160 REM  GET INFUTS
170 FOR COUNT = 1 TO T:FRINT:NEXT COUNT
180 FRINT "MENU FOR ENTERING DATA"
190 FRINT:FRINT:FRINT *  (0)  RETURN TO MAIN MEMU"
200 FRIMT " (1) ENTERING NEW DATA"
D10 v (%) REVIEWING DLD DATA®
D ORFRINT * (%)  EXECUTE FROGREM"
» FRINT:FRINT: PRINT: INFUT"CHOOSE AN OFTION"; 02

-

H
IF G2 O THEN 1D

IF oz 1 THEN 540

1IF o2 2 THEN 220

IF G2 = 3 THEN 1170

GOTO 120

CLE:FRINT " {1} HORSEFCGWER ="sH: 'hp"

FRIMT "3 SPEED RATIO ="imMG

FRINT "{3) RFM OF PINION =":N:"spon"

FRINT "(4) PRESSURE SNGLE =":THI: "DEGREES"

FRINT "{(5) TYPE OF TEETH =@ “;TTs(TT

FRINT "(&) RELIARILITY (FATIGUE) :“sRELF;"%"

FRINT "{7) RELIARILITY {(SURFACE DURARILITY) :"jRELSF %"
FRINT "8y LIFETIME =":HOLR;: "hr"

FRINT "4{%) TEMPERATURE ="j3; TEMF; "DEGREESR"

FRINT "{(10) SHOCK IN SOURCE @ ":PSH(FS1)

FRINT "(11) SHOCE ON MACHINERY : ";DMS% (DMS1)

FRINT "(12) TYFPE OF SUPFORT : ";CSFPS (CSUFRF)

FRINT "(13) YIELD STRENGTH QF FINION =":1S5YE:"kpsi"

FRINT "(14) ULTIMATE STRENGTH OF FINIDN ="sSUTE; "kpsi"

Purs T e Bz 4T T T s § FAC N | anl e d uid - y o H) o
PoFRIINT {15) BRINGLL HARDNESS OF FINION =v:4RB

FRINT "{1&) YOUNG"S5 MODULUS OF PINION =”;EFM;”Mp51”
FRINT " (17) FOISSON'S RATIO OF FINION ="j;UF
FRIMT "418) YOUMG™S5 MODULUS OF GEAR =":EGM: "Mpsi”




L4

-

.4?0 PRINT " {i%) FOISS50N"S RATIO OF GEAR ="3UG
80 PRINT "2 (ONIDIRCTIOMAL OF (BYDIRECTIONAL DRIVE @ ":GD®
490 FRINT: INFUT "WHICH NUMBER 70O CHOANGE ( <CR> MEANMS MONE " 0U
TOo0 OU o= INT(OUY : IF U = O THEN 1350
S10 CLO:CHE = yr"

SZ0 0N QU SOSUER S50,570,590, 610,640, 720, 740,760, 790, 810, 810, 970,

‘ywﬁu1oao,1100,1120,1139
S30 CHe = "pN":00 = 0:B0TO 290
540 CLS
&S0 INFUT "REQUIRED HORSEFOWER (hp)"iH
BE0 IF CH: = "Y' THEN RETURN
S70 INFUT "SFEED RATIO (Ngear/Npinion)"iMG
.580 IF CH% = "¥" THEN RETURNM
370 INFUT "RERUIRED SPEED OF FINION {(rpm) "N
&HO0 IF CHe = YY" THEMN RETURN
H10 INFUT "FRESSURE ANGLE (20 0OR 25) ";THI
H20 IF THI = Z0 THEN NT 18: GOTO &30
&Z0 IF THI = 25 THEN NT 12: 6870 &50
.é4ﬁ GOTO &10
&S0 IF CHE = "Y' THEN RETURN
GO0 PRINT “TYFES OF TEETH o
E70 PRINT ¢ (1) CUT OR MILLED":TTS(1) = “"CUT / MILLED"
£80 FRINT " {(2) HOBBED OR SHAFEDR":TT${(2) = "HOERBED / SHAFED"
“70 PRINT ¢ (5 HIGH FRECISION OR GRCOUNDY:TT&.43) = "EBROUND"

it

|
i

1000, 1020, 1040, 1

@700 INFUT "IMFUT TYFE OF TEETH";TT:IF TT<S1 OR TTHE OR TTS=INT(TTY THEN 700

710 IF CH# = "Y' THEM RETURN

F20 INFUT "RELTIAHBEILITY DUE TO FATIGUE () “;RELF:REL = RELF / 100

IO OIF CH: = "Y' THEM RETURN

740 INFUT "RELIARILITY DUE TO SURFACE DURARILITY (%) ":;RELSP:RELS

7SO IF CH$% = "yY" THEN RETURMN
THOOINPUT "EXFECTEDR LIFETIME (hours) ":HOUR
TEOOCOL = N ¥ A0 ¥ HOUR
FAD OIF CH% = "v'" THEN RETURM
70 IMNFUT "TEMPERATURE OF OFERATION (Celsius) i TEMF
g00 IF CH% = "Y' THEN RETURN
210 FPRINT "DESCRIFTION OF SHDOCK IN GEAR SYSTEM
@320 FRIMT " (1) UNIFORM":PSE (1Y = “UNIFORM":DMS% (1
LDI0 FRINT O® 2y MODERATE"sFSH(2) = "MODERATE": DMS%
340 FRINT ¢ {23y HEAVY":sPS$(Z) = "HEAVY":DMS$(Z) =
830 IF QU = 11 THEMN 890
G660 INFUT "INFUT TYFE OF SHOCK AT SOURCE OF FPOWER":FS1
g270 IF F81 < 1 OR PS1 > 3 OR PS1 <» INT(FS1) THEN 860
@880 FS = PS5l - 1:IF CH% = "y THEN RETURN
370 INFUT "IMPUT TYFE QF SHOCK ON THE DRIVEN MACHINERY'™:DMS1
FOO IF DMS1 < 1 OR DMS1 = I 0OR DMBI1 < INT(DMS1) THEN 8%0
210 DMS = DME1 —~ 1:IF CH$ = "vy" THEN RETURM
P20 CLS
QIO FPRINT "CHARACTERISTIC OF THE SUFFORT v
@

»
[

1]

-

MHEAYVY "

Y = UUNIFORM
{

= REL3F /

(23 = "MODERGSTE"

100



>

4
P40
.QEO
FEHE0
w70
80
290
.Al nlnty}
1010
1020
Al O30
1040
1050
10460
1070
1080
1090
11040
1110
.1120
1130
1150
1140
1150
r1 160
1170
11830
1190

1200

PR LA W

1210

1280
@ 1270
o

D L) i}

1310

132

1320
1 Z30

1340

FRIMT " 11y ACCURATE MOUNTING":C8F%(1) = "AICURATE"
FRIMNT " (2) AVERAGE MOUNTING':CHP${(Z) = "AVERLSGGE"
FRINT ¢ (3 RELOW AVERAGE MOUNTING®:CRF4$(3) = "RELGW AVERAGE™
IMPUT "CHOOSE TYRE OF SURRDODRT!; CSURR
IF C8UFPFP < 1 QR CEUFP & I3 0OR CHUPF <> INTOCSUFFY THEM 970
IF CHE = "v¥" THEMN RETURN
INFUT "YIELD STRERGTH OF FINION {(kpesi)"3S8YE:8Y = BYR ¥ 1000
IF CH$ = "¥Y" THEMN RETURN
INFUT "B TIMATE STRENGTH OF FINMIOM (kpsi)"3;SUTKE:SUT = SUTE ¥ 1000
IF CH#% = "¥Y" THEN RETURN
INFUT "RREINELL HARDNESS OF FINION"3HE
IF CHe = "Y" THEM RETURN
INFUT "YOUNGTS MODULUS OF FINION (Mpsi)"iEFMIEFR = EFM ¥ 1000000
IF CH$% = "Y" THEN RETURNM
INFUT "FOISS0ON'S FATIO FOR FIMION";UR
IF CH% = "Y" THEM RETURN
INFUT "YOUNG™S MODULUS OF GEAR (Mpsi) ";EGM:EG = EGM ¥ 1000000!
IF CHs = "¥Y" THEN RETURN
INFUT "POISSON'S RATIO FOR GEAR":UG: IF CH$ = "¥Y" THEN RETURMN A
IMPUT " (U NIDIRECTIONAL OR (E)IDIRECTIOMAL DRIVE":GD%:IF LEM{GD®) = O

GD$ = LEFT%(GD$,1):IF GD$ <> "U" AND GD$% < "E" THEN 1130

IF CHE = "¥" THEN RETURN

GOTO 150

CLS:PO = FrNTO = NT

FRINT "INFUT EXECUTION FARAMETERS":FRINT

INFUT “INITIAL GUESS FOR FITCH (MIN. = Z)";F:IF F < 2 THEN 1190
INFUT “FITCH INCREMENT"; IF

INFUT "MAXIMUM ALLOWAERLE FITCH (MAX % DEFAULT = 200)";FMAX

IF FMAY < 2 OR FMAX » 200 THEN FMAX = 200

INFUT "MAYIMUM NUMEER OF TEETH ON FINION (MAX % DEFAULT IS 3007 "3 MTMAX
MTMAX = INTMTMAX): IF NTMAYX = O OF NTMAX > Z00 THEN NTMAX = 300
DMAX = NTMAEY / Z:VUMAY = FI % DMAX % N /7 12

DMAXG = DM&Y % ME:CDMAY = (DMAX + DMAXGE) / 2

INFUT "ALL THREE SAFETY FACTORS ABOVE ONE (DEFAULT = Y) "3 YFE#
IF LEN{YFES) > O THEN YFS$ = LEFTS(YF5%,1)

PRIMT: PRINT "MAYIMUM POSSIRLE FITCH DIAMETER OF FINMION :"3DMAX; "in®
FRINT “MAYIMUM FOSSIBLE FITCH DIAMETER OF GEAR :"3DMAXG:; "in®
FRINT "MAYXIMUM FOSSIBLE CENTER DISTANCE :"3;CDMAX;"in"

FRINT "MAXIMUM FOSSIBLE LINE VELOCITY :";WMAX;"fpm"

PRINT: INFUT “ARE THESE CONDITIONS SATISFACTORY";OMAXS

IF QMAXS <> "N" THEN CLS:GOTO 1360

CLS:PRINT "ENTER NEW EXECUTION PARAMETERS":GOTO 1190

GOSUE 3010

REM  SET FLAGS EQUAL TO ZERD

FLAGL = O:FLAGE = 0O:FLAGT = O

ON 0 BOTO 1400, 1480, 1610

REM YIELD STRENGTH




L d

[ 4
1410
40
14750
1440
1450
14&0
eLa7o
1480
1490
A 500
1510
1520

o920
@L530
1540
1350
1560
1570
1580
@ 1590
1600
1610
1420

A &I
1640
@ 1650
15&0
1&70
1480
14650
1700
®1710
1720
1730
1740
1750
17&0
@L1770
17RO
1790
1800
1810

INFUT "STATIC LOAD SAFETY FACTOR';SFY
SIGMAR = SY / SFY

GOSUE 1870

Fo= WT % B 7/ (EV ¥ Y % SIGMAR)
GOSUE 1500

IF FLAGS = "YES" THEN 1470

GOTD 1730

EEM  FATIGUE LOADING

INFUT “FATIGUE LDAD SAFETY FACTOR";SFF
GOSUE 1820

GOSUE 2350

FG =3 % FI 7/ F

GOSUE 2540

NG = KO % KM ¥ SFF

SIGMARF = SE / NG

Fo= WT % F 7/ (EV ¥ SIGMARF % )

IF AES(F — FG) » .001 THEN FG
GOSUE 1900

IF FLAGS = "YES" THEN 1500
EOTO 1730

REM SURFACE DURARILITY
INFUT "SURFACE DURARILITY SAFETY FACTOR":SFE

GUSUE 2690

GOSUER 1820

FG = 3 % FPI 7 F

GOSUE 2540

NG = KO % KM ¥ GFS

WTF = NG & WT

F = (CFS /7 SHY™2 ¥ WTF / (EY % D % 1D

IF ARS(F -~ FB) = .001 THEN FG = FiGOTO 16460

BOSUE 1900

IF FLAGE = "YES" THEN 1440

REM  ASK FOR ANOTHER DESIGN OF END

IF FINDE = “YES" THEN 1770

FRINT:FPRINT: FRINT

FRINT " SORRY, NO SUITABLE FACE WIDTH FOUND."

FRINT

INFUT DO YOU WISH FOR ANOTHER DESIGN"; 0%

IF LEFTS(E%, 1) = "Y" THEN F = FO:NT = NTO:GOTO 10
FRINT: FRINT

FRINT "THANK YOU FOR USING THIS FROGRAM":FOR COUNT = 1 TO

F: GOTO 1330

LS END

@ i1320
1830
1840
1850
1360
1870

REM SUBROUTINE FOR COMMON FACTORS

D = NT 7/ P

Vo= FI ¥ D ¥ N/ 12

WT = ITO000 % H 7 WV

IF TT = 1 THEN EY = 1200 / (1200 + V): GOTO 1890
IF TT = 2 THEM EV = S0 / (S0 + SOR(Y)): GOTO 1890

il

1000 NEXT

COUNT:C



-

1380 KV = SOR(78 / (78 + SORV)))

890 RETURN

1900 REM SUBROUTINE FOR COMPARISON

UGL0 FINDS = "YES"

1920 FZ = 2 & F1 /7 FiFS = § % F1 / F

1920 IF F = F3Z AND F <= PS THEN GOSUR ZEI0:GOTO 2070
@194 IF F < PIZ THEN P = P + IF:FLAGL = 1:60T0 1960

1950 IF F » FS THEN F = F — IF:FLAGZ = 2

1960 FLAGT = FLAGL + FLAGZ

4970 IF FLAGT = 3 THEN FLAGT

19280 IF F <= O THEN 2020

1990 IF F > FMAX OR F < 2 THEN ZOZO
@=000 FLAGS = "YES"
RETURN
Fo= FO:rFLAGL = 0:FLABZ = 0:FLAGI = O
NT = NT + 1:FLAG® = "YES"
IF NT » NTMAX THEN FLAG® = "NO":FINDS$
GOSUR 3010
@=050 RETURN

2070 IF YF8% = "N" THEN 2100
IF SFY = 1 AND BFF = 1 AND SFS 3= 1 THEN 2140

2090 FLAGE = "YES":0% = "Y":G0T0 2320

2100 REM  FRINT RESULTS

<110 CLS
@120 FRINT

2170 PRINT "FINION GEAR "

2140 FRIMT

2150 PRINT "FITCH ="3F3;"TEETH / IN"

2160 FRINT "NUMBER OF TEETH ="jNT

2170 FRINT "FITCH DIAMETER ="3D;"IN"
@:1380 FRINT "LINE VELOCITY =";V;"FFM"

2190 PRINT "LOAD ="jWT;"LEF"

2200 FRINT "FACE WIDTH ="3F3"IN"

210 FRINT "MAXIMUM FACE WIDTH ="yF5p IN"

O FRIMT "MIMIMUM FACE WIDTH ="3F3;"IN"

2230 FRINT:FRINT
@240 FRINT BAFETY FACTOR"

ERS0 FRINT

2260 FRINT " STATIC LOADING : "3 BFY

2270 PRINT " FATIGUE LOADING : " BFF

2280 FRINT " SURFACE DURARILITY : "“3SFS

2290 FRINT
@200 REM  SEE IF USER DESIRE ANOTHER DESIGN
INFUT "DO YOU WISH TO TRY AMOTHER SIZE"; 04
IF LEFT#(0%,1) = "Y' AND FLAGL = 1 THEN F
IF LEFT4(0%,1) = "Y" AND FLAGZ = 2 THEM F =
0 FLAGE = "NO":RETURN
.zﬁam REM SUBROUTINE FOR FATIGUE STRENGTH FACTORS

¥
-~

H

T

it

0:E0TO 2020

il

SN0 RETURN

il
- T
f o+
Fod pi

FLAGS = “YES':RETURN
FLAGS = "YES":RETURN
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DA TF OSUT = 2000000 THER SEF
hmro GER = 100000

FEIE0 KA = —1 ok (.2 7 170000y % SUT «+ JBT70S

2390 COF = P17 P

2400 IF CF &+ L3 THEN ER = B&6% ¥ CF & ~, 09703070 2420
2410 KE = 1
@420 IF REL = .35 THEN KU = 1:607T0 2490

2470 IF REL <= .9 THEN KL = .897:G60T0 249C

L3¥ SUT:BO0TO Z2Z380

i

HE

1

2440 IF REL <= .29 THEN EC = .868:607T0 2490
2450 IF REL <= ,99 THEN KC = .814:60T0 24%0

2460 IF REL <

2470 IF REL
W24830 KC = . 659

2490 IF TEMP <= 450 THEN D = 1:6070 28510

2500 IF TEMF » 450 THEN D = 1 - 0058 % (T — 450

2810 KE = 1

2E20 IF GDE = "R" THEN KF =

RS5T0 KF = 2 % (SUT s BEF)Y /
@540 SE = EA ¥ KR ¥ KC % ED

2550 RETURKN

2RO REM SUBRQUTINE TO DETERMINE EO, EM

2870 HEO = 10+ PR ¥ LZE 4+ DMS % L 25

gSBQ IF DMS = 2 THEN KO = kKO + .25

2590 IF FG <= THEN I2 = 1:607T0 2630
@-4600 IF FG «= THEN 12 = 2:607T0 2630

?él@ IF FG <= THEN 12 = Z:00TO 2630

S&HI0 12 = 4

26530 I1 = CBUFF

LFPY THEN EC = J755:G0T0 2450
L2999 THEM KEC = . 7032: 6070 24%0

43 H

TO 2840
(oUT /BEF)Y O+ 13
KE ¥ KEF ¥ SEF

]

o b3t

N+

2640 EMO1,1) = 1.Z:EMOL,2) = 1040 EML,3) = 1.5:EMO1,4) = 1.8

2SO EM2,1) = 1.6rEMZ, 2 = 1.7:EM(2,3) = 1.8:EME,4) = 200
@060 IF I1 = 7 THEM KM = 2.3

2670 KM = KMA(IL1, 125

2680 RETURM
2670 REM  SURROUTINE FOR SURFACE DURAERILITY FACTORS
2700 50 = .4 ¥ HE - 10
2710 IF COL <= 10000 THEW CL = 1.5:0607T0 2730

@ 720 IF COL <= 1000000 THEM CL = 1,3:60T0 2730
730 IF COL <= 10000000 THEN ©L = 1.1:60T0 2750
2740 CL = 1!

2750 IF RELS <= .99 THEN CR = .8:60T0 2780
2760 IF RELS «=.999 THEN CR = 1:G0OTO 2780

2770 CR = 1.2%
®:780 CH = 1:CT = 1

2790 SH = 1000 % CL ¥ CH ¥ 5C / (CT % CR)

2800 I = COS(FI % THI 7/ 180) % SIN(FI % THI / 180) % MG 7/ (=
2810 CPS = SOR(FT & ({1-UF"2) / EF + (1-UB~3) / EG))"-1)
2070 RETURN

.2830 FEM CHECE OTHER DESIGN CONSIDERATIONS FOR SAFETY FACTOR

L 4
-
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Q24
2850
SBAO
2870
2880
soe
,.;.89‘-.)
®2500
2910
2920
292¢
2970
2540
2950
@500

2970

2980

Z040
TS0
BO60
RESWEN
080
IF0F0
T100
3110
120
T130
®- 140
TS

F140

L W}

)v'

GRBUR
REM 5
BIGMA

SFEY =
p)

Fn

1820
TATIC LOAD

= WT % F /7 (EV X F % Y
8y /7 SIGMAF

REM FATIGUE LORAD

GOSUR
G05UR

e
RN

2EED

DIGMAFF = WT % P / (EV x F % 47

NG =
SFF =

SE /7 SIGMARF

NG /7 (0 ¥ M)

REM SURFA&CE DURARILITY

GOSUR
GOeUR
WTF =
NG =

5F8 =

2690
560

PEH /SR X F ok BV x D % I

WTF / WT

NG/ (KO ¥ EM)

RETURN

REM

CLs

PRINT
FRINT
MTGE =
FRINT
FRIMNT
FRIMT
FRIMT
FRIMT
FRINT
IMFUT
INFUT
CLa

IF Y
RETUR

"FRESSURE AMGLE ="3;THIj; "DEGREESR"
"MUMBER OF TEETH OM FINION ="iNT
MG & NT

"NUMBER OF TEETH ONM GEAR ="jNT3

SFIND Y AND O WALUES FRDM TABLES 13-3, 13-5,

"WARNING @0 THIS FROGRAM WILL ARORYT IF ¥ OR 2

"IMPUT THE LEWIS FORM FACTOR Y3V
TINFUT THE GEOMETRY FACTOR J"gd

= O OR J = 0 THENM END
M

SUBROQUTINE TO ENTER LEMIZ FORM FACTOR AND GEOMETRY FACTOR

ANMD  1Z-4"

EQUALS ZEROY
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Mold Strangth and Welght

Calculation of wall thickness:

lLoad = 25 1@t

Strength of Kevliar = &a3,000 psi

HSO00 = 25/ {({(ocutzide radius — inside
o= B3 7 (&t — 3N rELASOOD0

t = 192.3 microinches (minlmum)

radius)

S

To allow for deflection and failure due to buckling,

= 0.5 inches

Volume of HMold:

1] J J}
'\4} ‘/\\/,
VvV x
v
Mass

surface area ¥ thickness

2 ¥ (12%132) + 4 % (18%12) * thickness

1152 square inches ¥* thickness

376 iv

[R]

of Mold:

m = density *® V

density = 0.035 lbm/in

m = 23.3 lbm
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Mold Fermeability

The permeability of the bvick carmnot be determined without
testing actual samples. but assuming it is similar  to zludge

depesite cut of aguecus sclutions on earth,  the permeability

should  be about 0046 Darcy (51). Une Darcy constructed from 87
units is about 9.155E-4 Darcy (USCS). This arises simply From

wnits conversions from the formula for permeability given as:

§- M, Bs
AR,

Where

v;'Scos'-//?
= Vslume? < Flo rafe
= Sotion Thickness

b %

H
H

Fressace. dvop
Lrass ged Wl , Arlq

ar

i

)
!

AN equivalent permeabkility due to capillaries ig determined by

dimensiconal analyveis.

A A
Q- @f)“ AL
G- é*é[‘—
—2Za~ b o)
~26- 5 ¢2e— 3,(5-‘3
o= | [[h/‘v ’f(“?

Jo 6:"

DY

A=0
4

Thus, given a capillary density of 100 holes per square inch

,’ < 010337’1-
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Derivaticn of the Governing Differential Equation

for Vapor Diffusion out of the Brick

From Fascal. we have:

G g2 L@ £

Arhg Kk

and

( ¢ _ . )
(2 ,;:, ha :vL/)MA(,f }_(/
Where

pe
and

X P zp)

Assume &K 1s approximately constant because for most of the
process the water vapor will behave as an ideal gas so Zip) = 1,

and both /z anrd a are constant.

The second term on the right side of equation (1) is betwesn
two and thres orders of magnitude smaller than the firvst term  as
we  are dealing with rvadiyl above 1 inch  and  low  volumedric
flowrates. This term will be neglected and Darcy flow assumed.

Darcy flow iz governed by the equaticn:

QLs CYF

Where T 12 a constant.




v When Darcy flow is assumed. it follows that the volumetvic

° flow rate tends to zeroc as the pressuwre gradient approaches rerco.
.. Therefore, we can sclve the differential eguations for pressurea

B to determine the reguired diffusion time.

. With the non-livnearity removed. equation (1) becomes:

¢ —p2d X

ﬁ-ﬁi\% r

- & —2—1—0 < /’4 9:

@ < “nkgker p L
Vb

/of > "
oY =7 hg e /f)%{ <+ rt;ar—i/) 4 ’97£>
D r 4

: /~

. N F
) ! 2R ~9~ﬁ/'vg/vof(_f_‘7_€b(ﬁf +f’f~75

,F;T = r o > =14
o

But frem (2)

° | o8 _ - A v
. ’;——F ;ﬂ'"\!\?;‘fi 9\377*\/\3“_9_{.

\

_ , g = 7°F
) *)Xmg,r(-( /g;:" Aﬁ}’l'z{d [iif +/jj) =

r 2V Ir

3 I aryi /o N\ 2P )
m—,f s — | =57 +(/—— + 74;{1/

\‘3)’

o T /(,ﬁa’oqé_f14ff_‘f
: - = (r =r > 7
PR Z S




- Where
m
- ‘Zs _,_—ﬁ_
° K

. While there i no analyticsl, cleosed-form solution to this
differential equation, it can be solved numerically with  the
|‘ program listed on the following page.
) Note that 10 nodes are taken (e at every inch  along &
radial line). The program was Tound to be stable only when DT
¢ was less than 4/10ths of Z. The program merely implements a standard

umerical

technigue. At each steps the new
@ value of pressure is determired, and the process repeats.  When a

small encough time step i1s used. the method gives & stable

saclution to the eguation under given initisl conditions.

L)

o The results of the sclution are plotted on the page following

the program listing.
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v

5 | MULATION OF MOLD Tank EVAQUATION

.L 10 REM 5% %% %9655 965 263 3 36 3 26336 3 365 35 3 3 96 3 99 3 % -5 3 3 4 % % %

20
¢ 30
40
50
v 60
® -
80
., Q0
1 (:)(:)
110
180
® 30
140
150
160
170
180
® 50
E (:)(:)
210
e
230
260
® -0
280
290G
8(:) (:)
310
320
® 335
340
350
360
370
380
® 350
(-l-(:) (_-)

st

REM
REM SIMULATION OF WATER RECLAIMATION SYSTEM
REM
REM WRITTEN BY ALAN CHAD FOR ME4182
REM
REM DATE: MAY 29, 19286
REM
REM 3% % 3 3 5 3 3 3 3 363 36 3 33636 3636 36 3 3 3 XK 3 36 369 36 % 9 % 9 % % % %
REM
REM IMNITIALIZE VARIABLES
REM
FEM 363969 36 3 96 3 3 36 36 3 36 3696 36 36 36 3696 36 36 5 96 96 3 3 % % % 36 3 2 36 6 % % %
o= 1.4

MHNE2 = £28.008
FF = (K - 1) / K
R = 1545 /7 MN2

INFUT "INITIAL FRESSURE OF MOLD CHAMBER (FSI)"3FO
INFUT "INITIAL TEMPERATURE OF MOLD CHAMEBER (F)"i3TEMFO

TEMFO = TEMFO + 460

INFUT "VOLUME OF MOLD CHAMBER (FT3)"iV
INFUT "DESIRED TIME FOR EVACUATION (SECY":TF
INFUT "FINAL FRESSURE DESIRED (FSI)MiFF

S =V * LOG(FO / PF)Y 7/ TF

LFRINT "REQUIRED CAFACITY OF FUMP (FT"3 s SEC)
REM 6953 %9 339636 363 3 9696 33 2096 36 5 3 36 16 3 K X% 2 56 % % X ¥
REM

REM FEGIN SIMULATION

REM

REM 36936 %9 36963 39 9696 36 096 36369030 96 0 36 96 36 63636 X 3 6 36 % 3 %3 % %
LFRINT "TIME" ,"FRESSURE" s " TEMF", "MDOT"

FOR TIME = O TO TF STEF .01}

FMOLD = PO % EXF(-5 % TIME / V)

TEMFP = TEMFO % ((FMOLD / FO) ~ KF)

RHO = FMOLD * 144 / (R * TEMF)

MDOT = RHO % €

HE

LFRINT USING "###.H#4# "S$TIME,FMOLD,.TEMF.MDOT

NEXT TIME



S |MULATION QESUL‘FS

REQUIRED CAFACITY OF FUMP (FT"3 / SEC) : &7.64803

Y TIME FRESSURE TEMP MDOT
0. 000 2,000 537,000 0.658

- 0,010 1.854% 505,464 0. 623
0.020 1.718 514,175 0.590
0.030 1.592 503,189 0.559

@ 0.040 1.476 492.321 0.529
0.050 1.368 481.745 0.501

0. 060 1.268 471.395 0.475

. 0.070 1.175 461 .2468 0,450
0.0O80 1.089 451 .359 0.426
0.090 1.009 441,663 0. 403

® 0.100 0.935 43P2.175 0.382
0.110 0.867 422,890 0.362
0.120 0.803 413,805 0.343
0.130 0.745 404,914 0.325
0.140 0.690 3946.217 0.308
0.150 0.640 387.705 0.291

® 0.160 0.593 379.376 0.R76
0.170 0.549 371.226 0.261
0.180 0.509 363.251 0.248
0.190 0.472 355.448 0.234

. 0. 200 0.437 347.812 0.222
4 0.210 0.405 340,340 0.210
® 0.2R0 0.376 333.028 0.199
0.230 0.348 225.874 0.189

. 0. 240 0.323 318.873 0.179
0.250 0.299 312.023 0.169
O.260 0.277 305.320 0.1460
0.270 0.257 298.761 0.152

® 0.280 0.238 292.348 O.144
0.290 0.221 286.04E 0.136

0. 300 0.205 279.917 0.189
0.310 0.190 P73.903 0.122
0.320 0.174 P68.019 0.116
0.330 0.163 P&R.P61 0.110

® 0. 340 0.151 256 . 627 0.104
. 0.350 0.140 251.114 0.098
0.360 0.120 245,720 0.093
0.370 0,120 P40.441 0.088

- 0. 380 0.111 235.276 0. 084
0.390 0.102 230.2°1 0,079

® 0. 400 0.0%6 2R5.275 0.075
0.410 0.089 220.436 0.071
0,420 0,088 215,700 O.067
0.430 0.076 211.067 0.064

P 0. 440 O.071 2086.532 QL0560
O 450 0065 208,095 0,057

® 0,460 0.061 197.754 0,054
. Q.470 0.054 193.506 0.051
" 0. 480 0.052 189.348 0.049
0.490 0.048 185.281 0,046
0.500 0.045 181.300 0,044
0.510 0,041 177.406 O.041

® 0.520 0.038 173.594 0.039
0.530 0.036 169.865 0.037

0. 540 0.033 166.216 0.035

¢y ETETN My 4 1 LD LS Gy VDD
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n

0.540
0.5970
Q. 580
0.590
0. 600
0.610
O.620
0.630
Q. 640
0.650
0.660
Q.670
0.680
0.6920
Q. 700
0.710
0.720
Q.730
0.740
0.750
0.760
0.770
0.780
0Q.790
0.800
0.810
0.820
0.830
0.840
0.850
0.860
0.870
0.880
0.890
O,200
0.910
0.920
0.930
0.240
0.950
0.960
0.970
0.980
0.990
1 .000

e it

0.028
0.026
0.024
Q.023
0.021
0.019
0.018
Q.017
0.015
0.014
0.013
0.0128
0.011
0.011
0.010
0,009
0.008
0.008
0.007
0.007
0,008
0.00&
0.005
Q. 005
0.005
0,004
0.004
0. 004
0.003
0.003
0.003
0.003
QL0002
Q.00
0,002
O, 002
Q.002
0,00
O,.002
O.001
0.001
0,001
0.001
0.001
0,001

WIS & )
159.151
1895.732
152.387
149.113
145.9210
142.775
13%2.708
136.707
133.770
130.896
128.084
125.322
122 .640
120.005
117.427
114,205
112.436
110.021
107.657
105.344
103.081
100.867
98.700
P& ..580
P4 .505
P2.475
?0.488
88 .544
86.642
84.781
g82.959
81.177
79 .433
77.727
76.057
74.4232
72.824
71.260
&£9.729
&8.231
b6.765
65.331
63.927
62.554
61.210

o A
0.031
0.030
0,028
0.027
0.025
0,084
0.023
0.022
0.020
0.019
0,018
0.017
Q.01é
0.016
0.Q15
0.014
0.013
0.012
0.012
0.011
0.011
0.010
0.010
Q0,009
O,.009
Q.008
0,008
0,007
0,007
0,007
O.006
0. 006
O, 008
0,005
0. 005
0,005
0. 004
0,004
0. 004
0,004
OO0
0.003
0,003
0,003
0,003




DRESSURE \\/AR\ATION IN MOLD C(HAMBER
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